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PREFACE 


This book illustrates several principles of transistor opera- 
tion through the construction of working devices and projects. 
Each project is designed to be made with readily available 
components. They were constructed, tested, and reproduced 
pictorially to permit exact reproduction. With reasonable care, 
each project will perform as described in the text. For readers 
desiring to expand upon the basic projects, each chapter in- 
cludes supplementary project information. 

Building and operating some or all of the projects, will have 
you involved in the fastest growing field in technology—semi- 
conductor electronics. As this is written, the transistor has 
just celebrated its twenty-fifth anniversary. Since the inven- 
tion of this remarkable device by three Bell Telephone Lab- 
oratories’ scientists, advances in semiconductor technology 
have resulted in solar cells, semiconductor controlled rectifiers 
integrated circuits, and a wide range of special-purpose tran- 
sistor and transistor-like components. More recently, large- 
scale integrated circuits, which contain thousands of transis- 
tors on tiny silicon chips, have become available at reasonable 
prices. Optoelectronics is a new field which owes much of its 
growth to semiconductor light-emitting diodes (LEDs) and 
light sensors. There are even semiconductor lasers smaller 
than the head of a pin. 

All of these new electronic components owe their develop- 
ment to the transistor, since it was the invention of the tran- 


sistor, which initiated the intense research effort into improv- 
ing semiconductor technology. Today’s electronics hobbyists 
and experimenters have access to many of these new compo- 
nents at bargain prices. In a time of inflation and continual 
price hikes, most transistors and other semiconductors are 
cheaper than ever. 

Since semiconductor technology still continues to expand 
at a rapid rate, devices and products unheard of a few years 
ago are becoming commonplace. Electronic calculators small 
enough to fit in a shirt pocket are an outstanding example, and 
within a few years tiny solid-state television cameras will be- 
come commercially available at reasonable prices. 

If semiconductor technology sounds exciting, get involved. 
All you will need are a few dollars for parts and some tools. 
The results will be hours of fun and entertainment and a 
working knowledge of the fast-growing field of electronics. 

You will find other Radio Shack books to be very helpful in 
your study of these projects and their principles of operation. 
We recommend two in particular: Introduction to Transistors 
and Transistor Circuits and Introduction to Electronics. 

Part numbers, where appropriate, are Radio Shack catalog 
numbers. All of these parts are available at your local Radio 
Shack store. 
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CHAPTER 1 


ELECTRONIC ASSEMBLY HINTS 


Thanks to low-voltage semiconductor devices, modern elec- 
tronic construction projects are far easier to assemble than 
those of a generation ago. Nevertheless, some basic assembly 
hints and techniques will come in handy when putting even 
simple projects together. 

In addition to construction tips, information about com- 
ponent selection, packaging, tools, power-supply selection, and 
other topics are covered. Even if you have previously as- 
sembled one or more transistor projects, it might be a good 
idea to review this chapter before starting to assemble any of 
the circuits in the subsequent chapters. 


TOOLS AND TEST EQUIPMENT 


Assembly of any electronic construction project is greatly 
simplified if the proper tools are available. Also, reliability of 
completed projects is usually greater if proper tools have been 
employed during circuit assembly. This is because use of im- 
proper tools frequently results in intermittent operation due 
to faulty connections. 

About 12 dollars will buy an excellent assortment of tools 
suitable for electronic construction projects. While the initial 
investment may seem high, most of the tools will provide many 
years of usable operation. The most important tools for elec- 
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tronics work are a pair of long-nose pliers, a wire cutter, a 
wire stripper, and a set of screwdrivers. A pocketknife, con- 
ventional pliers, a set of wrenches, files, and a drill can also 
be very useful. As we will see in a subsequent section, a good 
soldering iron is essential for assembly of a reliable and prop- 
erly operating circuit. 

All of these tools are readily available at any Radio Shack 
store and most hardware stores. Other items frequently needed 
when assembling electronic construction projects can usually 
be obtained from the same source as the tools. These include 
solder, electrical tape, and miscellaneous hardware. 

Tools are normally far less expensive than even a single 
piece of test equipment. But to go beyond basic electronics, 
some kinds of test equipment soon become as essential as the 
most important assembly tools. Probably the single most im- 
portant piece of test equipment is the volt-ohm-milliammeter 
(VOM). These units measure voltage, resistance, and current. 
They are invaluable for locating circuit malfunctions, such as 
shorts or defective connections, and for checking continuity, 
testing pilot lamps, and determining the polarity of diode and 
transistor leads. 

A basic VOM is a relatively inexpensive (under 10 dollars) 
instrument with many important applications. But for a lit- 
tle more money, an even better VOM can be obtained. This 
second kind of VOM has a high input impedance and can there- 
fore be used to check certain components still connected into 
a circuit without affecting the operating characteristics of 
the circuit. 

Older high-impedance meters employ a vacuum-tube input 
stage to give the high-input impedance and are called vacuum- 
tube voltmeters (VTVMs). Newer high-impedance meters use 
a field-effect transistor (FET) to achieve the same results with 
much less operating voltage than required by a vacuum tube. 
Transistorized meters can therefore operate from batteries. 

Other important pieces of test equipment include signal 
tracers and waveform generators. Both of these items are very 
useful when troubleshooting and testing radios and amplifiers. 
Waveform generators, sometimes called signal generators or 
signal injectors, generate at least one type of waveform 
from self-contained circuitry. Typical waveforms include sine 
waves, Square waves, ramps and pulses. By varying the fre- 
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quency of the waveform, the frequency response of an am- 
plifier or other device can be accurately evaluated. Signal 
tracers are used to follow a waveform supplied by a signal 
generator through a circuit. 

Probably the most important piece of test equipment for 
the advanced experimenter is the oscilloscope. This device dis- 
plays a signal waveform on a cathode-ray tube very much like 
that used in a conventional television set. Visual examination 
of the waveform greatly simplifies troubleshooting and circuit 
analysis. While an oscilloscope is invaluable to the advanced 
experimenter, a great deal can still be accomplished with the 
more basic test gear described above. 


READING CIRCUIT DIAGRAMS 


In this book the plans for construction projects are pre- 
sented in both pictorial and diagrammatic form. While the 
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RESISTOR POTENTIOMETER CAPACITOR TRANSFORMER 
DIODE TRANSISTOR (PNP) TRANSISTOR (NPN) UNI JUNCTION TRANSISTOR 
SWITCH METER BATTERY SPEAKER 


Fig. 1-1. Some common schematic symbols. 


pictorial format is convenient to use when actually assembling 
a project, the use of a circuit diagram or schematic simplifies 
both circuit design and understanding. 

Circuit diagrams make use of standardized symbols which 
correspond to each electronic component. Most symbols in- 
corporate features which illustrate the construction or func- 
tion of the particular component for which they stand. 


Some of the more common schematic symbols are shown in 
Figure 1-1. There are many others, and most are described in 
detail in the Realistic Guide to Schematic Diagrams, a Radio 
Shack publication. 


COMPONENT SELECTION 


With perhaps a few exceptions, all the components required 
to assemble any of the projects in this book are readily avail- 
able at most Radio Shack stores. Sometimes, however, a spe- 
cific component may be temporarily out of stock or the ex- 
perimenter may wish to substitute similar components already 
on hand or left over from previous projects. Generally, this 
is an acceptable practice since rarely is it absolutely necessary 
to use the exact component specified in a parts list. Parts lists 
are intended as a general guide, and reasonable variations 
from a specified component are almost always acceptable. To 
provide some general suggestions about component selection 
and substitution, each of the most common electronic com- 
ponents will be described. 


Resistors 


Almost all transistorized circuits use resistors with a 10- 
percent tolerance. This alone indicates that a resistor with a 
specified value of 1000 ohms may actually have a resistance 
span of 900 to 1100 ohms. Therefore, if a 1000-ohm is unavail- 
able, a somewhat higher or lower value will probably work fine. 
In fact a 1200-ohm unit should be as suitable as the originally 
specified 1000-ohm resistor. 

Sometimes a parts list or circuit diagram will specify that 
an exact resistance value be used. This generally requires the 
use of a carbon film or wirewound precision resistor. But few 
circuits are so sensitive that such precision resistors be em- 
ployed. One relatively common application for precision resis- 
tors is in circuits where calibration or other adjustments re- 
quire a precision setting for accuracy. 

Transistorized circuits can usually employ resistors rated 
at 4% or % watt, but high-power circuits require resistors of 2 
watt or higher. Always use at least the minimum wattage 
specified ; when in doubt, it is safer to use a higher rather than 
a lower wattage value. 
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Capacitors 


Resistors come in only a few configurations, but capacitors 
are available in dozens of different sizes and shapes. Like 
resistors, most capacitors vary from their specified ratings 
and 20- to 100-percent tolerance variations are common. With 
this wide range of variation, it is easy to see why capacitor 
substitutions are easily made when an exact value is not avail- 
able. For example, substituting a 0.01-uF capacitor for a 0.02- 
EF unit is usually permissible. 

While resistors are rated for power capability, capacitors 
are rated for voltage. This is because a capacitor consists of 
two conducting layers separated by a thin insulator called the 
dielectric, a material which can be penetrated by excessive 
voltage and cause permanent damage to the capacitor. To pre- 
vent such an occurrence, always use capacitors rated for more 
than the expected voltage. In a circuit powered by a 9-volt 
transistor radio battery, for example, use capacitors rated for 
at least 10 volts and preferably more. 


Diodes 


One of the simplest semiconductor devices is the diode. 
Diodes are available at low cost from Radio Shack and other 
electronic distributors. Fortunately for the experimenter, sub- 
stitutions are generally no problem. For example, hundreds 
of different diodes will work in a simple demodulator circuit 
for a transistor radio. While some may work better than 
others, the important point is that most kinds will work in the 
first place. 

Some real bargains in low-cost diodes can be obtained 
by purchasing bags containing 10 or more units. Sometimes 
a few of the diodes will be defective, but for the price, the re- 
maining units still represent a bargain. All that is needed to 
test a diode is a VOM. A good diode will exhibit a low resist- 
ance in one direction and a high resistance when the probes 
are reversed. 

The zener diode is a special voltage-regulating diode that 
should always be substituted with care. While a 16-volt zener 
will probably work in a circuit intended for a 12-volt unit, the 
higher voltage passed by the first diode may cause other com- 
ponents in the circuit to be damaged. 


Transistors 


Simple transistor circuits rarely require the exact unit 
specified in a parts list or circuit diagram. In many simple cir- 
cuits it is permissible to substitute practically any general- 
purpose unit so long as the polarity (PNP or NPN) of the 
original transistor is observed. 

In special-purpose applications, such as circuits requiring 
high-frequency characteristics, substitutes should be within 
the specification range of the original unit. Similarly, power 
applications require transistors rated at the appropriate power 
level. Always substitute power transistors rated for at least 
the power dissipation of the original unit. 

In the early days of transistor technology, most semicon- 
ductor devices used germanium. Silicon devices were very dif- 
ficult to manufacture and as a result their cost was quite high. 
Improvements in crystal growing have resulted in very low- 
cost silicon semiconductor devices. Today, most transistors, 
diodes, and integrated circuits use silicon. Germanium tran- 
sistors still find use in certain applications (for example, 
low-impedence switching). Silicon units are preferred, also, 
since they are less susceptible to thermal runaway. This con- 
dition occurs when a transistor becomes too warm and permits 
more and more current to pass. Eventually, the current flow 
is so heavy that excessive heating occurs and the transistor 
is destroyed. While most of the projects in this book use silicon 
transistors, germanium units can usually be substituted with 
no major problems. 

While conventional bipolar (PNP and NPN) transistors 
can be substituted for one another, as long as polarities re- 
main unchanged, some special-purpose transistors cannot be 
substituted for bipolar units. For example, unijunction (UJTs) 
and field-effect transistors (FETs) cannot be substituted for 
one another or for PNP or NPN bipolar transistors. For more 
information on transistor substitution, see the Transistor Sub- 
stitution Handbook, a Radio Shack publication. 


COMPONENT IDENTIFICATION 


Most electronic components include color codes or labels for 
identification. Transistors, for example, are usually stamped 
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with a designation number while capacitors usually bear a 
printed marking displaying their value. Resistors are usually 
color coded. 

Markings, of course, can vary; some resistors are marked 
with a resistance value and some transistors and capacitors 
are color coded. For most applications, such as those in this 
project book, all parts except resistors will be clearly labeled 
with a value or designation. 

The resistor color code is reproduced in Figure 1-2. The code 
is easy to use with a little practice, and many experimenters 
soon commit it to memory. A resistor marked with blue-gray- 
orange bands, for example, has a resistance of 68,000 ohms. 
The designation ‘‘K” following a resistor value indicates the 
value should be multiplied by one thousand. If the designation 
is “meg,” multiply by one million. 


Per Ageahie BAND 


GOLD - 5% 
SILVER - 10% 
NONE - 20% 


THIRD BAND (MULTIPLIER) 
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Fig. 1-2. Resistor color code. 


CIRCUIT BOARDS 


Some very simple circuits use so few components that a 
mounting board is not required. Most circuits, however, do 
require a board. The projects in this book are all constructed 
on readily available perforated boards. The perforations per- 
mit quick and convenient installation of most components and 
allow holes to be drilled with a minimum of effort. 
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Perforated boards are ideal for experimental circuits since 
they permit modifications and quick component replacement. 
For more permanent assemblies, the reader will want to con- 
sider printed-circuit construction. Radio Shack sells a printed- 
circuit kit with complete instructions; this kit is ideal for cus- 
tom circuit-board construction. 


SOLDERING 


Whatever circuit-board technique is employed, good solder- 
ing practices are essential for reliable operation. If you have 
had prior soldering experience, read the following procedures 
over just for a review. If you are a soldering novice, read the 
procedures very carefully and practice soldering some lengths 
of scrap wire together before attempting to solder actual com- 
ponents to one another. 


1. Avoid using a soldering gun or high-wattage iron when 
assembling transistorized circuits since their heat may 
damage semiconductors and other components. Instead, 
obtain a “pencil” soldering iron rated from 25 to 40 
watts and tin the tip in accordance with the manufac- 
turer’s instructions. 

2. Never use acid-core solder for soldering electronic com- 
ponents since it is corrosive and may damage electronic 
parts. Always use rosin-core solder—the type sold by 
Radio Shack. 

3. To insure a low resistance, permanent bond, always re- 
move all grease, oil, paint, and other foreign matter 
covering parts to be soldered together. If necessary, use 
an abrasive, such as sandpaper or a solvent. 

4. Begin soldering a connection by first heating the joint 
where solder is to be applied. When the connection has 
been heated for a few seconds, leave the iron in place and 
apply solder to the connection (not the iron). 

5. Allow the solder to flow throughout and around the con- 
nection for a second or so before removing the iron. 
Don’t apply excessive solder or physically move the con- 
nection before it has cooled. 

6. Keep the tip of the iron clean. Wipe off accumulations 
of debris with a damp sponge or cloth. 


’ 


If these six steps are followed, a good solder connection is 
easily made. A good connection will appear smooth and shiny, 
while a poor one will be dull and rough. 


PACKAGING 


Many hobbyists and experimenters like to work with circuits 
on perforated boards to permit quick and convenient modifica- 
tions. Others prefer to enclose the basic perforated board in 
a more permanent housing. Installation of a perforated board 


PANEL CIRCUIT BOARD 
\ rd 


Fig. 1-3. Mounting a circuit board 
to a chassis. 


into a permanent housing is relatively straightforward; one 
good technique is to mount three or four 6-32 screws to the 
board and secure them in place with nuts and washers. A 
similar number of holes with the same spacing are then drilled 
into the housing and the board is mounted in place with its 
mounting screws. The screw heads can be located on the out- 
side of the housing if a neater appearance is desired. This kind 
of mounting technique is illustrated in Figure 1-3. 

Controls, jacks, speakers, meters, and other components not 
necessarily mounted directly to the board can be installed 
directly to the walls of the housing. All that is necessary is to 
drill appropriate mounting holes. 

Radio Shack offers a good selection of both plastic and 
metal housings suitable for mounting almost any kind of proj- 
ect. One type of housing, the ‘““P-Box,” incorporates a standard 
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perforated board for a back and eliminates the need for a 
separate mounting board. 


POWER-SUPPLY SELECTION 


Since most transistorized circuits draw relatively low cur- 
rent, battery operation is both practical and convenient. Bat- 
tery operation, however, is far more costly than 117-volt AC 
line power, and circuits required to operate for long periods 
of time or circuits with a high current drain are best operated 
from an AC supply. 

Many kinds of batteries are well suited for operating tran- 
sistor circuits. The only requirement is that the battery supply 
an appropriate voltage, but cost and size are other considera- 
tions. Standard carbon-zinc flashlight cells are inexpensive 
and ideal for many circuits. For longer life, alkaline and 
mercury batteries are ideal even though their initial expense 
is higher. 

Nine-volt transistor radio batteries are excellent for many 
transistor projects. These batteries are available as economical 
carbon-zince units and long-life alkaline or mercury types. Both 
kinds come with two snap terminals which easily attach to in- 
expensive battery connectors. 

If battery power is chosen, be sure to use a battery holder 
to secure the battery (ies) in place. Radio Shack sells several 
different types of holders which can be mounted to a perfo- 
rated board or housing with cement or hardware. Solder con- 
nections to batteries should be avoided since the heat from sol- 
dering can damage the battery. Also, solder connections are 
far more difficult to replace each time a battery is changed. 
Never solder to a mercury or alkaline battery since both may 
explode if sufficient heat is allowed to build up inside them. 

Line-operated power supplies require a higher initial in- 
vestment than batteries, but their operating cost is much less. 
They also require more caution since the possibility of electri- 
cal shock is present. 

A basic line-operated 9-volt supply can be built from just a 
transformer, capacitor, and four diodes. Complete assembly 
instructions for such a supply are found in Chapter 2, the first 
of the 11 projects in this book. 


CHAPTER 2 


LINE-OPERATED 9-VOLT POWER SUPPLY 


All transistorized devices require a source of electrical cur- 
rent for their operation. Since transistorized circuits usually 
consume very little power, battery operation is often practical. 
Batteries are convenient, portable, and easy to use. But bat- 
teries are far more expensive than household current. For this 
reason, transistorized circuits designed to be operated within 
reach of a 120-volt outlet are often powered by a line-operated 
transformer-type power supply. 

A line-operated transformer power supply has several im- 
portant advantages over battery power. For example, it is 
always prepared to deliver its rated voltage. Unlike batteries, 
line-operated supplies don’t gradually weaken and reduce their 
output. Line-operated supplies are also convenient for power- 
ing experimental circuits undergoing design or modification. 
This permits the circuit to be operated from a power supply 
having a known voltage and current rating rather than the de- 
creasing voltage of a battery supply. 

While line-operated supplies are generally much more 
economical than battery power, don’t underestimate the ad- 
vantages of a battery. Some transistorized circuits consume 
so little power that the battery would last for very long periods 
of time. For example, an electric clock in the author’s home 
has run for almost four years on the power of a single ‘‘C”’ cell. 

Numerous kinds of batteries are available for powering the 
electronic circuits described in this book. Many transistorized 
circuits will operate from a 9-volt source. Common 9-volt 
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transistor radio batteries are convenient to use because of 
their clip connections. Other batteries require a holder of a 
different connecting technique. 

Conventional 9-volt batteries made with carbon and zinc 
electrodes don’t have the current capacity of alkaline and 
mercury types. But while the latter types are superior for 
long-lived performance, their cost is considerably higher. 


TRANSFORMER OPERATION 


When an electrical current flows through a wire, an elec- 
tromagnetic field is set up around and all along the length of 
the wire. The presence of the field can be detected by sensitive 
measuring equipment or even an ordinary compass. The elec- 
tromagnetic field can be greatly intensified by winding the wire 
into a coil. This concentrates the many individual fields into 
a small space with a resultant high electromagnetic field 
density. The electromagnetic field around a single wire has the 
property of creating a small electrical current in a second wire 
placed close to the first. The only requirement is that one of 
the wires be moved back and forth or that the current flow 
be alternating or pulsed. 

The ability of an electromagnetic field to transfer a current 
into a nearby wire is boosted significantly by using coils in- 
stead of individual wires. A device which transfers an elec- 
trical current from one coil to another is a transformer, the 
heart of most line-operated power supplies and a key com- 
ponent in many electronic circuits. 

By controlling the number of turns in each of the two or 
more coils in a typical transformer, an incoming voltage can 
be increased or decreased. Since there is no direct electrical 
connection between the two or more coils in a transformer, 
it is also useful for isolating one section of an electronic circuit 
from another. For example, a transformer power supply 
isolates the dangerous line current and protects against dan- 
gerous electrical shock. 


HOW IT WORKS 


Now that transformer operation has been explained, opera- 
tion of a transformer power supply can be described. A circuit 
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diagram for the basic transformer supply is shown in Figure 
2-1, and a parts list is provided in Table 2-1. 

In operation, the primary side of a 120-volt/6.3-volt (120- 
to-6.3 velt) transformer is connected to the AC household line 
by means of an insulated line cord. A toggle switch placed in 
series with one of the lines in the cord serves as an on-off 
power switch. 

The incoming 120-volts AC is passed into the transformer 
primary coil and a magnetic field is induced into the secondary. 
Since the secondary coil has fewer turns than the primary, 
the incoming voltage is reduced to 6.3 volts. In the case of the 
transformer being used here (an inexpensive unit available 
from Radio Shack) the secondary output is 6.3 volts. 


$1 


117-VOLTS 


3000UF =. 9 -VOLT 
Set * 
TOT) OUTPUT 


Fig. 2-1. Power-supply circuit diagram. 


Since nearly all transistorized circuits require a direct cur- 
rent (DC) source for proper operation, the 6.3 volts of alterna- 
ting current (AC) flowing through the secondary must be 
converted to DC. This is easily done by means of a rectifier, an 
electronic device often called a diode which passes current in 
only one direction. We could use a single rectifier in series with 
the secondary winding to achieve a DC output, but this would 
cause half the secondary output to be wasted since it never 
passes through the rectifier. Several solutions are available 
for increasing the efficiency of a rectifier, and one of the best 
is called the full-wave rectifier circuit. Consisting of four 
diodes connected as shown in Figure 2-1, the full-wave rectifier 
has the property of converting all the secondary current into 
DC. 

The transformer has now converted the high line voltage 
to a more convenient low voltage and the rectifier circuit has 
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changed it from AC to the required DC. But there remains the 
problem of smoothing or filtering the low DC voltage. Since 
the input line current is AC, the output current from the 
rectifier will be pulsating. The full-wave rectifier used here 
smooths out the pulsating DC far more than a one- or two- 
diode rectifier (for many circuits additional filtering is 
required). This filtering is almost always accomplished by 
connecting a large-value capacitor across the output of the 
rectifier. The capacitor absorbs the pulsating DC and pro- 
vides a filtered or smoothed source of DC. If the current 
demand from the device being operated by the supply is too 
great, more capacitance may be necessary to prevent exces- 
Sive ripple. 

Some of the DC voltage conditions which are produced by 
various rectifier and capacitor combinations are shown in 
Figure 2-2. In order to better understand how the addition of 


VOLTS 
VOLTS 


(A) Half-wave rectified. (B) Half-wave rectified 
plus capacitor. 


(C) Full-wave rectified. (D) Full-wave rectified 
plus capacitor. 


VOLTS 
VOLTS 


Fig. 2-2. Rectified AC voltage waveforms. 


the capacitor smooths out the pulsating incoming voltage, con- 
sider a container of water kept full by an uneven, pulsating 
stream from a pump. Though the incoming water stream is 
pulsating, an output stream made by placing a hole at the bot- 
tom of the container will be smooth and even so long as the 
container has a supply of water. Similarly, as long as the filter 
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capacitor remains charged by an incoming voltage, its output 
will be low in ripple. 


CIRCUIT ASSEMBLY 


The prototype power supply was assembled on a perforated 
board as shown in Figure 2-3, but other construction tech- 
niques can be applied so long as proper wiring procedures are 
followed. Begin assembly by mounting the transformer to the 
circuit board with 4-40 hardware. Next, carefully strip %4-inch 
of insulation from each of the four leads of the transformer 
using care to avoid pulling the leads loose from their mounting. 
This is best accomplished by grasping each lead with a pair 
of pliers while using a wire stripper to remove the insulation. 
(The transformer leads may be prestripped.) 

The transformer should be mounted with the two black leads 
facing the portion of the.mounting board where the power cord 
will be installed. Prepare the line cord by stripping %4 inch of 
insulation from its end and inserting it through a ™%4-inch hole 
bored into the board. Then, tie a knot in the cord about 1% 
inches from the exposed end on the upper side of the board as 
shown in Figure 2-3. The knot will prevent an accidental pull 
on the power cord from separating the connections to the 
transformer. 
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Fig. 2-3. Power-supply parts layout. 
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Next, solder one of the exposed power cord leads to one 
terminal on an SPST power switch installed in a second hole 
bored into the board. One of the black transformer leads is 
then soldered to the remaining switch terminal. Next, the ex- 
posed S1 terminals are completely and neatly insulated by 
wrapping them with a layer of black electrical tape. It is very 
important to apply the tape insulation to prevent possible 
electrical shock. 

Installation of the power cord is completed by soldering its 
remaining exposed end to the second black transformer lead. 
Connect the two leads securely to one another by wrapping 
one around the other and applying solder. Complete the con- 
nection by applying a layer of black electrical tape to insulate 
and protect the exposed joint. 

Follow the pictorial diagram in Figure 2-3 and install the 
four diodes. Make sure the marked end of each diode faces in 
the proper direction. Solder the diodes together on the back 
side of the board, and then connect the two green transformer 
leads at the appropriate points. Next, install the filter capacitor 
as shown in Figure 2-3. Be sure to connect the lead from the 
plus end (+) to the junction of D2 and D3—the minus (—) 
lead to the junction of D1 and D4. This prototype power supply 
employs a single 1000-uF, 15-volt capacitor, but much better 
filtering can be achieved by using two of these capacitors in 
parallel. This can be done by simply soldering the positive and 
negative ends of the capacitors to one another to connect them 
in parallel. 

An even better filter capacitor is the Radio Shack 272-1031 
—a 3000-uF, 20-volt capacitor. It will be necessary to connect 
2-inch leads to the terminals in order to connect this capacitor 
to the rectifier output. 

Construction of the power supply is completed by clipping 
all excess wire leads from the back side of the board and con- 
necting two output leads to the filter capacitor. Do not allow 
the leads to touch one another since the resulting short circuit 
might damage some of the components. One good technique, 
which helps to prevent shorts and is convenient as well, is to 
use clip leads connected to the capacitor terminals or suitably 
installed binding posts instead of permanent output leads. The 
completed prototype power supply is illustrated in Figure 
2-4, 
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Fig. 2-4. Assembled power supply. 


TESTING AND OPERATION 


Carefully inspect the completed power supply before plug- 
ging the power cord into a source of household current for the 
first time. Pay particular attention to the transformer con- 
nections (black to 120 volts and green to rectifier) and the 
polarity of the diodes and capacitor (s). Make sure the output 
leads aren’t touching one another, and check all insulated 
connections. 

Turn the power-supply switch off and connect a voltmeter 
to the output leads. Make sure the positive probe on the meter 
is connected to the positive output terminal. Then, plug the 
power cord into a wall socket and turn the switch on. The 
voltmeter should indicate about 8.8 volts dc. If the voltmeter 
shows less than about 8 volts or if any of the components show 
signs of heating, melting, or other unusual indications, im- 
mediately turn the power switch off and unplug the power 
cord. Recheck all wiring connections before trying the supply 
again. 

The alert reader will have noticed that the transformer used 
in this supply is only rated at 6.3 volts yet puts out 8.8 volts. 
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The 6.3-volt rating is the root-mean-square (rms) output of 
the transformer. The peak value of the transformer output 
is actually about 8.8 volts, but the rms value, 0.707 of the peak 
value, is given so that AC and DC voltages can be better com- 
pared. In other words, 6.8 volts rms AC will produce the same 
effect as 8.8 volts DC. 


GOING FURTHER 


The power-supply circuit is an ideal candidate for ‘fixing 
up.”’ Many electronic circuits are built for experimental use 
only and breadboard construction is more than adequate. But 
a power-supply circuit is extremely useful and practical and 
those who build this one will want to strongly consider a more 
permanent assembly. 

Radio Shack offers several plastic and metal cases which 
are ideal for permanently housing the supply. If a case is 
employed, mount the transformer and power switch to the 
inside of the front panel and install the rectifier diodes and 
capacitor to a small perforated board. The board can be 
mounted to the front panel by means of four 1l-inch, 6-32 
screws and 12 nuts. The power cord is brought through a 
grommet installed in a %-inch hole in the front of the case. 

Output connections are provided by means of insulated bind- 
ing posts. If the components are assembled on a metal case or 
cover, make sure all components, connections, and binding 
posts are well insulated from the metal. 

Figure 2-5 shows how the components are installed in a 
permanent power-supply assembly. Note how this construction 
technique lessens the hazard of electrical shock and prevents 
the components from being exposed to damage. 

Hobbyists or experimenters who become more involved in 
electronics will want to consider more advanced power supplies 
to supplement the basic single-voltage unit described here. 
Radio Shack sells regulated and variable-voltage supplies. One 
Radio Shack power-supply kit, for example, incorporates a 
power transistor to regulate the voltage output at a constant 
value. Otherwise, the circuit is very similar to the one given 
here. However, the regulation feature makes it far better 
equipped to handle a wide variety of power-supply require- 
ments. 
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Fig. 2-5. Permanent power-supply housing. 


POWER-SUPPLY SAFETY 


Since most people are used to electricity as a convenient 
source of power for radios, appliances, soldering irons, and 
dozens of other modern devices, they often overlook the 
hazards of even relatively small voltages. Ordinary household 
current is capable of killing, but following a few simple rules 
will insure adequate safety. In the case of this power-supply 


circuit: 


1. 
2. 


Carefully inspect the circuit before turning the unit on. 
Insulate the switch and transformer terminals connected 
to the power cord with several layers of black electrical 


Make sure all component connections and binding posts 
are completely insulated from the metal mounting plates. 


Following these simple rules will insure a safe and well- 
constructed power supply. 
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Table 2-1. Power-Supply Parts List 


ee eee 


Capacitor, 1000 wF, 15 volt (272-1008) * 


Diodes, silicon, 200 peak inverse voltage at 1 
amp (276-1102) * 


S1 Switch, SPST (275-602) * 

Tl Filament transformer, 110 V AC/6.3 V AC 
(273-050) * 

Miscellaneous Power cord (278-1255)*, perforated board 
(276-1392) *, solder, wire 


*Radio Shack Catalog Number. 
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CHAPTER 3 


HIGH-BRILLIANCE LIGHT FLASHER 


The circuit described here has a valuable application since 
it can serve as a high-brightness warning light for use in 
emergencies, particularly those involving automobiles. The 
circuit is a two-transistor amplifier with regenerative feed- 
back. It can send a current of several amps through a low- 
voltage lamp and cause it to glow much brighter than normal. 
Since the pulse is only about 20 milliseconds long, the lamp is 
not on long enough at one time for it to be destroyed. 

The circuit will operate from a series arrangement of flash- 
light cells or any of a variety of heavy-duty batteries. The 
flash rate can be varied somewhat by making a few simple 
circuit modifications. 


HOW IT WORKS 


Referring to the circuit diagram in Figure 3-1, when the 
lamp is off, Q2 must also be off. Since Q1 controls Q2, Q1 must 
also be off. However, R2 supplies enough bias to turn Ql 
on and it, in turn, turns Q2 on. When Q2 is on, the lamp is con- 
nected directly between the battery terminals, with only the 
highly conductive collector-emitter circuit of Q2 in between. 
Therefore, the lamp turns on. 

When both transistors and the lamp are on, capacitor Cl 
begins to charge through Q2 and R2. At some point, the charge 
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on Cl is high enough to cause Q1 to begin to conduct less. This 
causes Q2 to turn off and the lamp is extinguished. 

When the lamp is off, C1 keeps Q1 off while it discharges 
through R2 and the lamp. As soon as the capacitor has dis- 
charged, Ql is biased once again into conduction by R2; 


Q2 
R33 10002 276-2025 |e 
100, 000 ees 
C Ql B 
<a YY 


Rl 


Bl = (SEE TEXT) pe 
COLLECTOR | 


BASE EMITTER 
Ql 
BASE ° COLLECTOR 


EMITTER 
Fig. 3-1. Light-flasher circuit diagram. 


R2 


Q2 and the lamp are again turned on and the cycle repeats. 

Since the major current consumption occurs when the lamp 
is turned on, passing current through Q2, it is good practice 
to use a power transistor for Q2. In the prototype circuit, a 
Radio Shack 276-2025 PNP silicon power transistor was used 
for Q2. This transistor can dissipate over 20 watts and is well 
suited for use in the flasher circuit. 

The basic circuit of the light flasher is so useful that several 
variations of it are used in other projects in this book. The 
metronome in Chapter 4, for example, employs a similar re- 
generative amplifier with a speaker substituted for the lamp. 


CIRCUIT ASSEMBLY 


The prototype flasher circuit was constructed on a perfo- 
rated board, but the unit can easily be housed in a metal or 
plastic enclosure. To duplicate the prototype version, refer to 
Figure 3-2. Install the resistors and Q1 as shown and solder 
the leads of these components to one another. Next, install Cl. 
If the capacitor has one end marked with a plus, be sure this 
end faces toward the lamp. 
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* 12-VOLTS MINIMUM Fig. 3-2. Light-flasher pictorial. 


The power transistor (Q2) is installed next. To facilitate 
its installation, 142-inch lengths of hookup wire are soldered 
to each of the three leads of Q2. The leads are inserted into the 
perforated board as shown in Figures 3-2 and 3-3 and soldered 
in place. If desired, the heat sink on Q2 can be attached to the 
board with a %-inch 6-32 screw and nut. 


LI@HT FLAGHER 


3. Assembled light hsher. 


Fig. 3- 
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Finally, the lamp is installed. The lamp in the prototype 
circuit was simply soldered into the circuit by using two short 
lengths of hookup wire. But for ease of replacement, a mount- 
ing socket can be used. Whichever technique is employed, a 
‘small square of aluminum foil can be used to reflect light. 


TESTING AND OPERATION 


To test the circuit, a battery capable of supplying at least 
12 volts is required. Before connecting the battery to the 
flasher, carefully recheck the wiring to make sure all com- 
ponents are properly connected. Pay particular attention to 
the transistors; an incorrect connection can ruin one of them, 
particularly Q2, or burn out the lamp. 

When the wiring has been checked, connect the power source 
to the flasher. The lamp should begin flashing immediately 
at a rate of up to a few times each second. If nothing happens, 
disconnect the battery and recheck the wiring. Make sure that 
the lamp is good by measuring its resistance with an ohm- 
meter. If it is in working condition, the meter will indicate a 
filament resistance of a few ohms. 

If the circuit and lamp both check out, it’s possible that the 
power-supply voltage needs to be increased. Try using up to 
about 18 volts if necessary. The voltage can be obtained by 
using up to a dozen 1%4-volt flashlight cells in series or by con- 
necting three 6-volt lantern batteries in series. 

When the circuit is operating properly, dim the room lights 
in order to see the exceptional brilliance of the flashes. With a 
power supply rated at 12 volts, the flashes will occur approxi- 
mately twice a second. The peak current drain on the power- 
supply batteries will be about 3.8 amps during each flash. This 
is a considerable amount of current. But since the pulse widths 
(flashes) are so brief, most batteries should be able to supply 
the current load. Battery life may be rather short, however, 
and it is a good idea to use batteries designed to operate dur- 
ing extreme load conditions. Alkaline batteries are especially 
good and their increased price pays off in increased operat- 
ing life. 

A few words about the lamp are in order. Lamps rated at 
less than the power-supply voltage will flash much brighter 
than those designed to operate at that voltage, but their life 
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will be somewhat shortened. If the lamp is rated at too low a 
voltage, its life may be only one or two flashes. 

For best results, try using a lamp rated for operation at 
several volts less than that delivered by the power supply. 
During the testing phase one or two lamps may be burned out, 
but once the flasher is operating properly this will be only an 
occasional problem. 


GOING FURTHER 


The high-brilliance flasher is so potentially useful that it’s 
well worth the small expense of assembling it into a more 
practical and permanent unit. Several approaches can be used 
and each has relative advantages over the other. 

The most practical assembly technique is to mount all the 
flasher components with the exception of the lamp onto a 
small perforated board and house the circuit in a small metal 
enclosure. The enclosure is then connected to two or three 6- 
volt lantern batteries which have been wired in series with one 
another. The batteries can be held together with a length of 
sturdy fabric tape and a metal box can be mounted directly 
to one of the batteries screw terminals. Be sure to wire in an 
on-off switch between the positive terminal of the battery and 
the circuit. 

For best visibility, the lamp itself should be installed in a 
socket mounted to the outside of the box. The lamp can be 
covered with a red transparent plastic filter of the type used 
on trailer tail lights and available from auto supply houses. 
The filter should be anchored with screws or a retainer ring 
and not glued in place or you’ll have trouble replacing the bulb. 

While the assembly technique just described makes for a 
very efficient flasher unit, a more compact system can be 
made by using flashlight batteries. Battery life may not be 
as long as when the larger lantern batteries are used, but 
portability will be enhanced. 

The ultimate in portability is to eliminate self-contained 
batteries of any kind and simply connect the flasher to a cable 
which can be plugged into the cigarette lighter socket of an 
auto with a 12-volt battery. If this technique is to work prop- 
erly, be sure to check out the flasher with a 12-volt source to 
make sure it doesn’t require more voltage. 
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Before closing out this chapter on the high-brightness light 
flasher, it should be mentioned that the flashing lamp should 
not be viewed at close ranges. The lamp can be uncomfortably 
bright; while there is no danger of eye injury, a headache may 
result from watching the light at close range for more than 
a few seconds at a time. The red filter suggested for the modi- 
fied flasher will help alleviate this effect by decreasing the 
brilliance of the light. 


Table 3-1. Light-Flasher Parts List 


es 


Bl 
C1 
Li 
Q1 


Q2 
Rl 
R2 
R3 
Miscellaneous 


Battery (see text) 

Capacitor, 10 uF, 35 volt (272-1013) * 
Lamp (see text) 

Transistor, NPN (276-2009) * 
Transistor, PNP (276-2026) * 
Resistor, 100,000 ohm 

Resistor, 4700 ohm 

Resistor, 1000 ohm 


Perforated board (276-1392) *, hookup wire, 
solder 


*Radio Shack Catalog Number. 
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CHAPTER 4 


METRONOME 


A metronome is a device for marking time in music. It does 
this by producing a regular, adjustable series of sharp clicks 
or beats. 

Originally, all metronomes were mechanical devices. A 
spring-driven motor drove an inverted pendulum which cre- 
ated a sharp beat with each swing. Mechanical metronomes 
are still in widespread use, but electronic units are gaining 
popularity. This construction project supplies details on an 
electronic metronome which works as well as any commercial 
device but which is far more economical. 


HOW IT WORKS 


The circuit, as can be seen in Figure 4-1, is essentially 
identical to the lamp flasher circuit described in Chapter 3. 
In the case of the metronome, the lamp has been replaced by 
an 8-ohm speaker. Since the speaker has much more resistance 
than the lamp, lower currents are required to operate the 
metronome. Therefore, it is not necessary to make Q2 a power 
transistor. 

The circuit is essentially a two-transistor amplifier with re- 
generative feedback. The output consists of a series of sharp 
clicks generated by the speaker each time Q2 is turned on. As 
in the lamp flasher circuit, when Q2 (and the speaker) are 
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on, the capacitor begins to charge. When its charge is high 
enough to turn Q1 off, Q2 also turns off and the cycle repeats. 

The pulse repetition rate of the circuit can be changed by 
altering the value of the resistance between the positive bat- 
tery connection and the base of Q1. In the metronome circuit, 
both a fixed and variable resistor, Rl and R2, are incorporated 
into this frequency adjustment to permit the metronome beat 
rate to be conveniently varied. The fixed resistor (Rl) is 


+9 VOLTS 
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Fig. 4-1. Metronome circuit 
diagram. 


ees 


* SEE TEXT 


placed in series with the variable resistor (R2) to prevent 
possible damage to Q2. This could occur if R2 were rotated to 
a point where it presented little or no resistance between the 
positive battery connection and the base of Ql. If this were 
to occur, Q2 would be turned on until R2 was readjusted; 
the resultant heat buildup could possibly damage the junctions 
of the transistor. 


CIRCUIT ASSEMBLY 


Assembly of the metronone is very straightforward. The 
prototype unit was assembled on a perforated board as shown 
in Figures 4-2 and 4-3, but other construction techniques can 
be employed. 

Begin by installing transistors Q1 and Q2 on the perforated 
board; the collector of the former to the base of the latter. 
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Fig. 4-3. Assembled metronome. 


35 


Then install R1, R2, and Cl—solder their leads to the ap- 
propriate connections. Be sure to observe the polarity of 
capacitor Cl. The prototype used a miniature 8-ohm speaker, 
but a magnetic earphone can be incorporated if the unit is 
operated for just one person. Use white glue to secure the base 
of the speaker to the perforated board. If the circuit is reas- 
sembled into a permanent housing, the glue mounting is easily 
separated with a little force. 

The prototype circuit used a Radio Shack 276-2008 and 276- 
2007 for Ql and Q2, respectively. These transistors are in- 
expensive, high-quality units, but almost any general-purpose 
PNP and NPN transistors can be used in the circuit. The only 
requirement is that Ql be an NPN and Q2 a PNP. 


TESTING AND OPERATION 


Check out the completed metronome by installing a 9-volt 
transistor radio battery in the battery clip. The speaker should 
immediately begin clicking. The rate of clicking can be 
changed by simply adjusting R2. If the clicking stops when 
R2 is turned to one extreme of its rotation, promptly readjust 
it back to a position where clicking resumes to prevent Q2 from 
staying on and possibly overheating. 

If the metronome frequently stays on (produces no clicks) 
when R2 is rotated too far in one direction, eliminate the prob- 
lem by increasing Rl from 10K to a higher value. Try values 
between 15K and 47K and even go higher if necessary. The 
value of Rl is unimportant so long as a suitable range of clicks 
is obtained. 

With the existing circuit and parts values, a 10K resistor 
should work fine as R1. But if different parts values are in- 
corporated into the circuit, resistor Rl may have to be in- 
creased. 

If the circuit does not begin clicking when a battery is in- 
stalled, try rotating R2. This will usually start the circuit; if 
it does not, remove the battery and carefully inspect the wir- 
ing. Make sure Q1 and Q2 have not been reversed and be sure 
all solder connections are good. Finally, make sure the battery 
is fresh. If the battery has been used to power other circuits 
or has been sitting around unused for a few months, it may 
not have suitable power to operate the circuit. 
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When the circuit is operating properly, the beat adjustment 
provided by R2 can be easily calibrated. A knob with a pointer 
will be needed for this operation. Place a small, rigid card over 
the shaft of R2 and secure it in place with its mounting nut. 
Place the knob on the shaft and calibrate the dial by making 
a mark at various pulse rate positions. While electrical engi- 
neers usually think in terms of pulses per second, musicians 
work with beats per minute. 

A suitable time-base reference for calibrating the metro- 
nome is a clock with a second hand. Merely count the number 
of clicks in 15 seconds and multiply by four to determine the 
beat rate for various knob positions. Another calibration 
source is an oscilloscope with a calibrated time base. Simply 
connect the scope across the speaker and set the time-base to 
observe the number of beats (pulses) per second. Remember 
that the oscilloscope reading will have to be converted to 
minutes also. 

For a more permanent and neater dial (card), remove the 
originally calibrated one and copy its markings on a second 
dial. Use a good grade of heavy white paper. Be sure to turn 
the shaft of R2 to one extreme and mark its position on the 
original dial, so the original calibration will be accurate when 
the new dial is installed. A sample permanent dial is shown 
in Figure 4-4. 


ELECTRONIC METRONOME 


SEE TEXT FOR DETAILS ON DIAL CALIBRATION 
Fig. 4-4. Metronome dial. 
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GOING FURTHER 


The metronome is a very practical device and is, therefore, 
an ideal candidate for permanent installation in a housing. 
Radio Shack offers several plastic and metal boxes which are 
ideal for this purpose. 

If a permanent housing is used, be sure to leave space for 
the speaker and calibration dial on the front panel. A circular 
array of holes should be drilled into the panel to permit the 
speaker sound to reach the outside world; the dial should not 
cover any of these holes for best results. If there isn’t sufficient 
room on the front panel for both speaker and dial, simply 
mount R2 on one side of the housing. 

Most miniature speakers were originally designed for tran- 
sistor radios and, therefore, lack adequate mounting facilities. 
Some incorporate a threaded insert which can be used to mount 
the speaker to the circuit board, but most are designed to be 
held in place by specially shaped metal rings or appropriately 
fashioned plastic fixtures. 
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Fig. 4-5. Speaker mounting detail. 


One very simple way to mount the metronome speaker to the 
front panel is shown in Figure 4-5. This technique requires 
three miniature ‘‘Z”’ brackets and three each 4-40 or 6-32 nuts 
and bolts. The brackets can be cut from a thin sheet of alu- 
minium or even a discarded tin can. Use tin snips and plenty 
of care when cutting the can since the edges of the metal will 
be very sharp. 

Make three strips about 4% inch x % inch and drill a single 
hole at one end of each. Bend the strips into ‘“Z’’ shapes as 
shown in Figure 4-5 and use them to secure the speaker 
in place. 
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In addition to improving the appearance and durability of 
the metronome by enclosing it in a housing, the circuit itself 
can be easily improved. To eliminate the need for a battery, 
the power supply in Chapter 2 can be built into the same hous- 
ing as the metronome. Be sure to observe polarity when con- 
necting the power supply to the metronome circuit. 

Another circuit modification may improve the clicking sound 
of the metronome. All that is necessary is to change the value 
of Cl from the existing 25-uwF capacitor to 10, 5, or even 
1 pF. This procedure will change the calibration of R2 but 
may very well improve the sound of the beats. In the original 
prototype, varying Cl changed the sound from hollow clicks 
to high-quality beats. 

The calibration and tone quality of the beats will also be 
affected by the battery. Weak batteries will produce un- 
calibrated beats with poor tonal quality. This problem can be 
alleviated (if the metronome is to be used frequently) by 
powering it with two 6-volt lantern batteries connected in 
series or by using the line-operated power supply—even using 
two 9-volt batteries in series is permissible. 


Table 4-1. Metronome Parts List 


a 


Bl Battery, 9 volt (23-464) * 

C1 Capacitor, 25 wF, 15 volt (272-1003) * 
Ql Transistor, NPN (276-2008) * 

Q2 Transistor, PNP (276-2007) * 

Rl Resistor, 10K 

R2 Potentiometer, 50K (271-1716) * 
Speaker 8 ohm (40-262) * 


Miscellaneous Perforated board (276-1392) *, battery clip, wire, 
solder 


*Radio Shack Catalog Number. 
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CHAPTER 5 


HIGH-GAIN AMPLIFIER 


The amplifier project described in this chapter is unique in 
that it uses an up-to-date version of the famous CK-722 tran- 
sistor—the Radio Shack 276-2004. Introduced by Raytheon 
' in the middle 1950s, the CK-722 was one of the first transistors 
made available to experimenters. Selling for about a dollar, 
the CK-722 was featured in literally hundreds of early tran- 
sistor construction projects. 

An amplifier is an electronic device capable of increasing 
the voltage, current, or power of an incoming signal. This is 
accomplished by causing a small input signal to control a large 
current or voltage source connected to the amplifier. 

There are both mechanical and electrical amplification 
systems, and a knowledge of the former will assist in under- 
standing the latter. Consider, for example, a water valve. A 
slight turn of the valve will release a large volume of water, 
and the result is that the small valve movement has amplified 
the water flow. Similarly, a transistor is an electronic valve. 
Normally, no current flows through the transistor, but a small 
input signal permits a proportional and much larger current 
to flow. The result is that the transistor has amplified the 
small input signal appearing at its base into a much larger 
current. 

A signal transistor can be used to amplify a signal. For very 
high amplification, however, two or more transistors are fre- 
quently connected in series. In this manner, the output signal 
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appearing at the collector of one transistor can be coupled to 
the base of the second. The high-gain amplifier described here 
uses this technique. 

To maintain a low overall cost, the amplifier employs a 
miniature magnetic earphone as a microphone. Both crystal 
and magnetic earphones can double as microphones; while re- 
sults aren’t as good as with conventional microphones, per- 
formance is satisfactory. 

This amplifier construction project has several practical ap- 
plications. The circuit is similar to that employed in many 
transistorized hearing aids and the unit can be used in a 
similar role. The amplifier can also be used as an electronic 
stethoscope for troubleshooting trouble spots in automobile 
engines, appliances, and other mechanical devices. Finally, the 
amplifier can be employed in numerous experimental applica- 
tions. Suggested uses range from magnifying the sound of 
watches and insects to amplification of signals from trans- 
ducers other than a microphone. 


HOW IT WORKS 


Operation of the high-gain amplifier is straightforward— 
refer to the circuit diagram in Figure 5-1. Input signals sup- 
plied by the magnetic microphone pass through capacitor Cl 
and arrive at the base of Q1. The signal is amplified by Q1 and 
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Fig. 5-1. High-gain amplifier circuit diagram. 
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then passed on to Q2—Q2 further amplifies the signal and 
passes it on to Q3. The final amplified signal appears at the 
collector of Q3. Resistors R2 and R3 help supply bias to tran- 
sistors Q2 and Q3. 

A 50,000-ohm potentiometer, R1, is a feedback resistor. It 
supplies negative feedback to the amplifier by couplin some 
of the output signal back to the input. Varying the feedback 
by rotating the shaft of R1 will affect both the gain and fre- 
quency response of the entire amplifier. Therefore, R1 serves 
a dual role as both volume and tone control. 

The amplifier is so efficient that an ordinary 114-volt battery 
will supply plenty of operating power. Current consumption 
is low, so battery life is fairly long. 


CIRCUIT ASSEMBLY 


Assemble the amplifier on a perforated board as shown in 
Figures 5-2 and 5-3. Insert the transistors first and solder the 
emitter leads together. Solder the collector of Q1 to the base 
of Q2 and the collector of Q2 to the base of Q3. When the tran- 
sistors are installed, insert the capacitors and resistors and 
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Fig. 5-2. High-gain amplifier parts layout. 
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Fig. 5-3. Assembled high-gain amplifier. 


solder their leads to the appropriate connection points. Be swre 
to observe polarity on each capacitor. The ‘‘+’”’ mark on one end 
of each capacitor should be oriented as shown in the parts lay- 
out (Figure 5-2). 

Potentiometer Rl can be installed by soldering 2-inch 
lengths of hookup wire to each of its three terminals and in- 
serting each lead into a hole on the perforated board. A more 
permanent approach is to bore a 34-inch hole into the board and 
secure the potentiometer in place with its mounting hard- 
ware. 

Complete assembly of the amplifier by installing a battery 
holder and providing connection points for a microphone and 
earphone. Input and output connections in the original 
amplifier were clip leads (Radio Shack 278-1156), but a better 
approach is to solder lengths of hookup wire to input and out- 
put jacks and connect the jacks permanently into the circuit. 

The amplifier has a current drain of about 10 milliamps. 
This is relatively low, but battery life can be increased by turn- 
ing the unit off when not being used. The battery can be re- 
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moved from its holder or an on-off switch can be installed. 
One possibility is to use a potentiometer with a built-in switch. 


TESTING AND OPERATION 


Carefully inspect the completed amplifier for possible wiring 
errors before installing the battery. Pay particular attention 
to the transistor connections and the polarity of the two 
capacitors. Next connect a magnetic earphone to both the in- 
put and output of the amplifier. An earphone with an imped- 
ance of about 2000 ohms will work best. Then install a battery 
and place the two earphones close to one another. 

If the amplifier is working properly, a shrill tone will be 
heard emerging from the earphone connected to the output. 
This loud tone is caused by positive feedback escalated into 
a high-pitched tone when permitted to be amplified and fed 
back into the amplifier for re-amplification. 

If the feedback tone is not heard, disconnect the battery and 
recheck the wiring connections. The most likely cause of a 
malfunction is incorrectly installed transistors (reversal of 
collector and emitter leads), but be sure to check the battery 
also. Many experimenters have found a weak battery to be the 
source of a problem after an hour or more of troubleshooting 
a non-working circuit. 

When the amplifier is working, place the output earphone 
in one ear and pick up the input earphone which serves as a 
microphone. Note how the noises of picking up the microphone 
are greatly magnified by the amplifier. Test the amplifier sensi- 
tivity by placing the microphone very close to a watch or clock. 
In both cases the ticking sound should be greatly amplified. 

Try out the combination volume and tone control by placing 
the microphone near a radio and adjusting the control. Note 
how both the tone and volume are altered as the shaft is 
rotated. The tone alteration is a result of changing the am- 
plifier feedback and, thus, its frequency response. The feed- 
back change also affects the gain of the amplifier. 

The amplifier can be used with a standard magnetic micro- 
phone for even better results than with the earphone. The ear- 
phone approach is less costly, but for many applications the 
better quality and performance of a standard microphone is 
desirable. The amplifier can even be used with a telephone 
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pickup coil in place of the microphone. A pickup coil consists 
of a multi-turn coil of fine transformer wire housed in a small 
plastic case about an inch in diameter. Frequently a small, rub- 
ber suction cup is connected to the case so the coil can be con- 
veniently attached to a telephone handset or other device. In 
operation, the electromagnetic field established by the ear- 
phone of the telephone is induced into the pickup coil and the 
signal is amplified and made audible by the amplifier. In effect, 
the pickup coil is one-half of a transformer and placing it near 
the earphone completes the requirement for a transformer. 

The pickup coil will detect signals from radio speakers, ear- 
phones, transformers, and other devices which radiate an 
electromagnetic field. Therefore, it is a useful experimental 
tool. The coil and amplifier together can be used to permit more 
than one person to listen in on a phone call, but be sure not to 
record calls with the device unless the other party has been 
made aware of your plans and local laws are not being broken. 
Radio Shack markets a pickup coil which will work well with 
the amplifier. 


GOING FURTHER 


Any of a variety of plastic or metal cases can be used to im- 
prove the appearance of the amplifier and make it more use- 
ful. The only major consideration is to leave room for input 
and output jacks and the combination volume and tone control. 
The jacks should be compatible with whatever earphone- 
microphone combination is selected. 

The amplifier can be used for a number of unique experi- 
ments. Perhaps the most interesting is to convert the unit into 
a high-gain directional microphone pickup unit by adding a 
reflector to the microphone. This is easily done by selecting 
a bowl-shaped object and mounting the microphone at its 
focal point. This is a point at the center of the bowl and a few 
inches out at which all the sound waves striking it are focused. 
The microphone should be mounted facing the bow] as shown 
in Figure 5-4. 

Many different bowl-shaped objects can be used. Discarded 
flash reflectors for cameras, plastic kitchen bowls, and even 
saucer sleds all work well. Generally, the larger the bowl- 
shaped object the better the results. 
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When the microphone is installed in a sound reflector, take 
the assembly outdoors and plug in the amplifier. A complex 
combination of sounds and background noise will immediately 
be heard. Point the reflector toward passing automobiles 
several hundred feet away and notice how the sounds can be 
clearly heard. The system will work best on relatively quiet, 
windless days since moving air distorts sound waves and 
causes loud background noises to be picked up and amplified. 


MOUNTING 


BRACKET 
to 


"BOWL" REFLECTOR 
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iNCOMING 
N MICROPHONE soune 


TO AMPLIFIER 


Fig. 5-4. Microphone sound collector. 


A variation on the directional microphone project is the 
“shotgun microphone.” This device is intended for use in a 
region of concentrated sounds and only one sound source is 
to be picked up and amplified. Shotgun microphones are fre- 
quently used by radio and television sound men to capture the 
words of a speaker in a noise-filled room. 

A simple shotgun microphone can be easily assembled and 
used with the high-gain amplifier. The simplest approach is 
to cut a dozen or do soda straws into various lengths and ar- 
range them as shown in Figure 5-5. More than a single straw 
is required since the acoustical property of a hollow tube limits 
the passage of many sound wavelengths while reinforcing the 
passage of a primary wavelength and its harmonics. By using 
a dozen different tubes, a range of sound wavelengths is trans- 
mitted to the microphone. 
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The soda-straw shotgun microphone has limited application 
since it has such a small sound input area. But it is useful for 
such tasks as listening in on the activity of insects, amplifying 
watch sounds, and experimental applications. For more pickup 
ability a larger shotgun can be assembled from aluminum 
tubing available at hardware stores and hobby shops. Such 
tubing is available in diameters ranging from a small fraction 


SODA STRAWS 


CARBON MICROPHONE — 


AMPLIFIER 
Fig. 5-5. “Shotgun” microphone. 


of an inch to several inches. A dozen tubes, % inch in diameter 
with lengths ranging from three feet to several inches and as- 
sembled in the same manner as the soda straw version, will 
give professional results. It will be necessary to incorporate 
a bowl-shaped reflector at the microphone end to capture all 
the incoming sounds from each tube, but the extra effort will 
pay off in spectacular results. 

In addition to the bowl-shaped and shotgun-sound ‘“‘tele- 
scope” techniques described here, the high-gain amplifier has 
numerous other applications. Besides teaching the basic fun- 
damentals of high-gain amplification and negative feedback 
for gain and frequency control, the amplifier can be used as a 
hearing aid, phono cartridge or tuner amplifier, and an elec- 
tronic stethoscope. Any of these applications should make an 
interesting project. 
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Table 5-1. Amplifier Parts List 


es 


Bl Battery, 1% volt (23-466) * ‘ 


CiC2 Capacitor, 5 uF, 15 volt (272-1001) * 
Earphone Magnetic (33-175) * 

Q1, Q2, Q3 Transistors, PNP (276-2004) * 

R1 Potentiometer, 50K (271-1716) * 

R2 Resistor, 5.6K 

R3 Resistor, 4.7K 


Miscellaneous Perforated board (276-1392)*, battery holder, 


wire, solder 


*Radio Shack Catalog Number. 
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CHAPTER 6 


 AVALANCHE-TRANSISTOR 
PULSE GENERATOR 

~The most unusual circuit in this project book is the ava- 
lanche-transistor pulse generator. While the circuit has 
novelty value, it can be used for several very practical ap- 
plications. Also, it demonstrates a little known type of tran- 
sistor operation. 

The circuit produces a series of pulses which can be ad- 
justed from a few per second to more than 10,000 per second 
(10 kHz). The pulses are very fast and produce high-fre- 
quency harmonics which can be picked up with a transistor 
radio. 

The pulse generator can be used as a signal injector, a logic 
pulse source (clock), a tone generator, and a pulse source for 
a light-emitting diode. 


HOW IT WORKS 


Operation of the pulse generator is dependent on a unique 
characteristic of many transistors. When a small amount of 
bias voltage is placed at the base of one of these transistors 
and an adjustable voltage is placed across the collector-emitter 
terminals, a point will be reached as the voltage is increased 
at which the transistor will suddenly turn on and conduct. 

The process occurs as a large number of accumulated 
charges literally avalanche across the base region. For this 
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reason such spontaneous switching action is frequently called 
“avalanching.”’ 

If a transistor in an avalanched state were left connected 
across a voltage source, it would be rapidly destroyed by heat- 
ing. This is because a transistor in the avalanche state has a 
resistance of only a fraction of an ohm and, therefore, permits 
very high current to flow through it in the On state. 

To get around this problem, avalanche transistors are left 
on for only very brief intervals. The way the avalanche pulser 
circuit described here does this is to alternately charge and 
discharge a small value capacitor through the transistor and 
a load. We'll describe the load later on, but for now take a look 
at Figure 6-1. This figure shows a diagram for a simple ca- 


Rl 


Fig. 6-1. Basic capacitor, pulse- 
generator circuit. 


Cl R2 


pacitor pulser. In operation, the capacitor is charged through 
R1 until the discharge switch (S1) is pressed. The capacitor 
then discharges or dumps its voltage through load resistor 
R2 in a very fast pulse. If the resistance of R2 is very small, 
the current of the pulse will be very high. 

The capacitor in Figure 6-1 charges gradually to the voltage 
supplied by the power source and at a rate determined by its 
capacitance and the resistance of Rl. Since we know certain 
transistors will avalanche at a specified voltage level, it’s pos- 
sible to automate the circuit by replacing Sl with an avalanche 
transistor. To see how this is done, refer to Figure 6-2. 

Operation of the capacitor pulse generator with an ava- 
lanche transistor switch is as follows: Cl charges through R1 
and R2 until the avalanche or breakdown voltage of QI is 
reached—R3 supplies necessary bias voltage to the base of Q1. 
When Q1 avalanches, the charge on Cl is short-circuited 
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through the very low resistance of Q1 and the load resistor. 
If the load has a low resistance also, the discharge of the pulse 
will be very rapid and will contain a high current. 

The pulse repetition rate of the generator can be varied by 
adjusting R2, and both pulse rate and width can be varied by 
altering the value of C1. Small capacitors (.001 uF to .1 pF) 
will give very narrow pulse widths and rapid repetition rates 
while larger capacitors (1 uF to 50 uF) will give longer pulse 
widths at slow repetition rates. 

APPROX IMATELY 


+130 VOLTS Ql 
O (SEE TEXT) 


Fig. 6-2. Pulse-generator 
circuit diagram. 


01 uF 
250 VOLTS 
RL 
(SEE TEXT) 


OUTPUT 
(SEE TEXT) 


A narrow pulse is illustrated by the oscilloscope trace in 
Figure 6-3. Each horizontal line corresponds to an interval 
of 50 nanoseconds (0.00000005 second) so the pulse width of 
the generator with the values shown in Figure 6-2 is less than 
100 nanoseconds. The amplitude of the pulse current is deter- 
mined by counting the number of vertical squares, each of 
which corresponds to two amps. In this case the load resistor 
was a light-emitting diode and the peak current is about nine 
amps. Remember, of course, that each of these parameters can 
be altered by changing the value of Cl and the load resistor. 


CIRCUIT ASSEMBLY 


As can be seen by Figures 6-4 and 6-5, assembly of the cir- 
cuit is relatively simple. Since there are so few components, 
a few square inches of perforated board will easily mount them 
all. If you plan to alter pulse width and amplitude, be sure to 
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Fig. 6-3. Output of pulse generator. 
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Fig. 6-4. Pulse-generator parts layout. 
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PULSE GENERATOR 


Fig. 6-5. Assembled pulse generator. 


solder Cl and a 1-ohm load resistor (Ry) temporarily into the 
circuit. Suggestions for changing~the value of these compo- 
nents will be found later in this chapter. 

The transistor used in the original prototype circuit is a 
Radio Shack 276-2009. This high-quality NPN expitaxial 
planar silicon transistor is identical to the popular Texas In- 
struments 2N2222. It has a rated collector-emitter breakdown 
(avalanche) voltage of about 30 volts and, therefore, two 67 
1%4-volt batteries are ideal for powering the transistor when 
operated in a pulse mode. Two 6714-volt batteries, such as the 
Burgess K45, Eveready 457, Ray-O-Vac 203, or RCA VS082 
can be employed as a power source, or six 2214-volt batteries, 
such as the Radio Shack types 23-510 or 23-097, can be con- 
nected in series. Even a dozen or so 9-volt transistor radio bat- 
teries can be used. Simply connect the batteries in series with 
one another by snapping the positive clip of one to the negative 
of the next in a staggered manner until all batteries are con- 
nected together in an array. 

As we noted earlier, many transistors will operate in an 
avalanche mode. Specially manufactured avalanche transistors 
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are available, but they are far more costly than ordinary NPN 
silicon switching units such as the 276-2009. 

The 276-2009 isn’t the only Radio Shack transistor which 
can be operated in the avalanche mode. The experimenter may 
want to try other transistors to see if they will work in the 
circuit of Figure 6-2. Some which will perform in the ava- 
lanche mode are the 276-2001, 276-2010, and 276-2011. The 
276-2001, a germanium NPN unit identical to the popular 
Texas Instruments 2N13804, has a lower avalanche voltage 
than the 276-2009 and 276-2011, so Rl may have to be in- 
creased to 100,000 ohms in order to permit R2 to slow down 
the pulse rate. This also holds true for the 276-2010. 

The circuit can be activated by connecting the battery clips 
to the appropriate battery terminals, but a more convenient 
approach is to connect an on-off switch between the positive 
battery terminal and Rl. 


TESTING AND OPERATION 


Carefully inspect the completed circuit for possible wiring 
errors before connecting the battery. The circuit is very sim- 
ple, but it’s easy to reverse the collector and emitter leads on 
the transistor. 

When the circuit has been checked for accuracy, connect the 
batteries to the circuit and place a transistor radio very near 
the circuit board. A tone or buzz should be heard through the 
speaker of the radio indicating correct operation of the pulse 
generator. Change the frequency of the tone by adjusting R2. 
If a rushing sound is heard coming from the radio, the pulse 
rate of the generator is probably greater than 10 or 15 kHz. 
To change the rushing sound to a tone, adjust R2 upward (in- 
crease its resistance). Frequently a radio will not even be 
necessary to determine if the unit is operating properly since 
the discharge capacitor may produce an audible “click” each 
time the transistor avalanches. This is caused by the very rapid 
discharge of the capacitor, and the effect is more pronounced 
when a ceramic disc capacitor is used as the discharge 
capacitor. 

To use the circuit as a tone generator, simply replace Ry, 
with an 8-ohm miniature transistor radio speaker. The tone 
generator can be used for several practical applications in- 
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-cluding code practice, a signaling device, and an audio source 
for checking the frequency response of tape recorders and 
amplifiers. 

If the pulse generator is to be used to operate a light-emit- 
ting diode (LED), connect the LED in place of the load re- 
sistor. With the values shown in the parts list, the circuit 
will drive the LED with current pulses of up to 9 amps. These 
brief but intense pulses will cause the LED to emit very bril- 
liant flashes of light. Since they will be very fast the flashes 
will not appear very bright to the human eye, but a simple 
detector circuit will easily detect them. For example, Radio 
Shack’s LED light-beam communication kit can easily detect 
the flashing LED at a distance of more then five feet. This 
range can be considerably extended. This can be done by plac- 
ing a lens over the phototransistor in the communication kit’s 
receiver. 

To use the circuit as a pulse generator, use a one-ohm or 
higher value resistor for R;, and extract the pulses across its 
terminals as shown in Figure 6-2. To adjust the peak amplitude 
of the pulse downward, use a low-resistance potentiometer in 
place of the existing R,. A 500-ohm linear potentiometer, such 
as the Radio Shack 271-066 is ideal, particularly since a SPST 
switch is included within the potentiometer. The switch can 
be used to turn the circuit on and off by connecting it between 
the positive battery connection and Rl. As the potentiometer 
is adjusted to a higher value, the current through the potenti- 
ometer decreases. 

An ideal role for the completed pulse generator is signal 
injection. In this application, the generator supplies an input 
tone to any desired portion of an amplifier which permits 
defective portions of the amplifier to be isolated. This technique 
also permits the frequency response of the amplifier to be 
measured by varying the pulse repetition rate (frequency) 
of the generator. 

To use the generator as an injector, connect the output lead 
nearest the negative battery terminal to ground of the am- 
plifier (assuming negative ground) and use the remaining 
output lead as a contact to various parts to the amplifier. To 
avoid possible damage to the amplifier, restrict the output 
amplitude of the pulse generator by using a 500-ohm resistor 
in place of Ry. 
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GOING FURTHER 


Numerous modifications and several new applications can 
be found for the basic pulse generator. The first is to mount 
the device in a permanent housing with calibrated frequency 
and amplitude markings. This will provide a pulse generator 
of great practical use to the experimenter, hobbyist, and 
engineer. 

To calibrate the pulser, attach pointer-equipped knobs to 
each potentiometer shaft, add a dial, and connect an oscil- 
loscope to Ry. However, if you don’t have a calibrated oscil- 
loscope, a friendly visit to a nearby TV repair shop or uni- 
versity might result in the brief on-the-spot loan of some free 
scope time. Courtesy and politeness will go a long way in 
obtaining this kind of assistance. 

With the scope connected across the pulse generator output, 
turn the amplitude control (the load resistor) to a medium 
value and slowly increase the frequency rate. At intervals of 
approximately 1000 Hz, make a mark on the dial. Calibrate 
the amplitude control at intervals of one volt. Since the pulse 
generator produces a 100-nanosecond pulse with the values 
shown, be sure to use a scope with a frequency response of at 
least 10 megahertz for best: results when measuring pulse am- 
plitude. Slower scopes will not necessarily show all of an indi- 
vidual pulse and will tend to show less amplitude than is actu- 
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Fig. 6-6. Advanced pulse-generator circuit. 
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ally present. Note that changing R, can vary the calibration. 
This is because R, affects the discharge time of Cl and the 
overall frequency of the pulse generator. Therefore, be sure to 
avoid possible calibration errors by marking the point at which 
Ry, was set during a particular calibration. 

To expand the capabilities of the circuit into an advanced 
pulse generator with variable frequency, pulse width, and 
amplitude, use the circuit in Figure 6-6. This circuit in- 
corporates an array of capacitors and a multiple-position 
rotary switch to select which is placed into the circuit. A 12- 
position switch, such as the Radio Shack 275-1385, provides 
for the four specified capacitor values and leaves plenty of 
room for adding eight more capacitors. 

The flexibility of this pulser circuit is so great that it can 
even be used to operate a semiconductor laser. The circuit pro- 
vides both the high current and the fast pulse width needed 
by these specialized light-source diodes. 


Table 6-1. Avalanche Transistor Pulse-Generator 
Parts List 


a 


See text 
Cl Capacitor, 0.1 nF, 250 volt (272-1051) * 
Ql Transistor (see text), NPN (276-2009) * 


R1 Resistor, 10K 

R2 Potentiometer, 100K (271-092) * 

R3 Resistor, 8.2K 

Miscellaneous Perforated board (276-1392) *, wire, solder 


*Radio Shack Catalog Number. 
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CHAPTER 7 


ELECTRONIC SIREN 


The electronic siren circuit described here has both novelty 
and practical value. It’s great for parties, games, and sporting 
events. And it’s piercing whine makes it ideal as a warning or 
alarm signal. 

The circuit can be easily modified to give a variety of siren- 
like effects, some of which sound exactly like sirens on emer- 
gency vehicles. The siren sounds can be manually controlled 
by means of a single push-button switch. 


HOW IT WORKS 


The siren circuit, as can be seen in Figure 7-1, incorporates 
a direct-coupled, two-transistor regenerative amplifier similar 
to the circuit employed in the metronome project of Chapter 
4, Three new components, however, have been added to change 
the constant repetition rate of the metronome into a rising and 
falling frequency. These components are R1, R3, and Cl. A 
push-button switch has also been added to permit manual con- 
trol over the siren action. 

With the switch depressed, the siren cycle will begin as the 
output tone increases from a low to high frequency. Releas- 
ing the switch brings the high frequency back to a low point 
and then cutoff. The siren sounds can be varied by alternately 
pushing and releasing the switch at various points in the sound 
cycle. 
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Fig. 7-1. Siren circuit diagram. 


Capacitor C2 controls the pitch and R38 controls the speed. 
Increasing C2 gives a low-pitched sound, while decreasing it 
gives a high-pitched sound. Similarly, increasing R3 slows 
down the cycle while decreasing it speeds it up. The values for 
both R3 and C2 used in the prototype circuit give a sound 
which closely imitates that of an authentic siren. 


CIRCUIT ASSEMBLY 


Assembly of the siren circuit is straightforward. As shown 
in Figure 7-2, the components of the prototype siren were in- 
stalled on a perforated board, but other construction methods 
can also be employed. 

Begin assembly by boring a %4-inch hole into the mounting 
board for installation of the push-button switch. Install the 
switch from the back of the board and secure it in place with 
its retaining nut. Next, install Ql and Q2 and solder the col- 
lector of the former to the base of the latter. This holds both 
transistors in place until the remaining components are 
installed. 

Next, install the three resistors and solder their leads to the 
appropriate points in the circuit. By following the general 
guideline for parts placement given in Figure 7-2 and the 
photograph of the completed prototype in Figure 7-3, the 
resistor leads will be close to the points to which they are to 
be soldered. Complete component installation by connecting 
capacitors Cl and C2 into the circuit. 
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Fig. 7-2. Siren parts layout. 


Complete the construction of the siren by connecting a 9- 
volt transistor radio battery clip into the circuit and soldering 
two three-inch leads from a miniature speaker to the emitter 
of Q1 and the collector of Q2. Even if the circuit is built for 
temporary or experimental use, it’s a good idea to secure the 
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Fig. 7-3. Assembled siren. 
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speaker to the mounting board with a few drops of white glue. 
This reduces the possibility of damaging the delicate paper 
cone and makes the siren easier to operate. When the circuit 
is disassembled the speaker can be easily pried away from the 
board. 


TESTING AND OPERATION 


A wiring error may damage Q2 by causing it to stay 
switched on continuously. Therefore, carefully check all con- 
nections to make sure there are no errors before connecting 
a battery to the circuit. When the circuit has been inspected, 
install a battery in the clip and press the push-button switch. 
A rising wail should immediately be heard. After a few sec- 
onds release the switch. The high-pitched tone should suddenly 
begin to drop until several seconds later the siren cuts off. The 
cycle can be repeated by depressing the switch again. For 
special effects try pushing and releasing the switch at various 
points in the siren cycle. 


GOING FURTHER 


The most obvious improvement on the basic siren prototype 
is to house the unit in a permanent-enclosure. A larger speaker 
will, of course, give much more volume than the miniature 
transistor radio speaker used in the prototype. Install the 
push-button switch on the front panel of the housing and add 
an on-off switch by connecting a toggle or slide switch in 
series with the positive battery connection and the siren 
circuit. 

Another interesting and useful addition to the basic siren 
circuit is to make both its tone and speed adjustable. The speed 
can easily be made adjustable by making R38 a 50,000-ohm 
potentiometer and then adding a 4700-ohm fixed resistor in 
series with it. The 4700-ohm resistor serves to keep the siren 
operational if the potentiometer shaft should be rotated to the 
point where its resistance is less than a few thousand ohms. 
To make the tone adjustable, use a rotary switch and several 
capacitors in place of the existing C2. To do this, connect one 
lead of each of the capacitors to one another and then to the 
base of Q1. Then, connect the rotor to the collector of Q2. 
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Connect the remaining capacitor leads to the various switch 
terminals. The fully modified circuit is illustrated in Figure 
7-4. Though several capacitor values are shown for C2, feel 
free to try other even different values. For example, a very 
slow siren effect can be created by making C2 very large. Con- 
versely, a very small value for C2 will give very rapid, unusual 
siren effects. 

Before ending this chapter, a word of caution is in order. 
Many communities have ordinances prohibiting the installa- 
+9 VOLTS 
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Fig. 7-4. Circuit diagram of an adjustable siren. 


Table 7-1. Siren Parts List 


i 


Bl Battery, 9 volt (23-464) * 

C1 Capacitor, 25 wF, 15 volt (272-1003) * 
C2 Capacitor, .047 wF (272-1068) * 

Q1 Transistor, NPN (276-2001) * 

Q2 Transistor, PNP (276-2007) * 

R1 Resistor, 24K 

R2 Resistor, 89K 

R38 Resistor, 47K 

S1 Switch, push-button (275-1547) * 
Speaker 8 ohm (40-262) * 


Perforated board (276-1392)*, battery clip, wire, 
solder 


Miscellaneous 


*Radio Shack Catalog Number. 
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tion of sirens or siren-like devices or private vehicles. The 
reason for such ordinances is obvious, so play it safe and don’t 
install this project in a car unless you are entitled to the use of 
a vehicular siren. 
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CHAPTER 8 


DC-DC CONVERTER 


In electronics it is frequently necessary to convert one 
voltage level to another. In the case of the transformer power 
supply described in Chapter 2, the 120 volts supplied by the 
household line is converted to 8.8 volts. If a power supply 
changes AC voltage into DC (or the reverse), then it is called 
an inverter. If the supply changes one level or value of DC 
to another DC voltage it is called a converter. 

The power supply described here is a DC-DC converter 
which converts 1% volts from a flashlight battery into 100 
volts. While the output voltage is very high, its current rating 
is low to insure safety. Nevertheless, the output voltage will 
jolt the unsuspecting person who touches both output leads. 

There are several applications for the DC-DC converter proj- 
ect, one of which is operating neon lamps. These lamps are 
cheaper than the incandescent variety, but they require at least 
60 volts for proper operation. The DC-DC converter project 
supplies enough current to light up a string of neon lamps at 
one time—all from a 144-volt flashlight battery. The project 
can also be used for operating circuits which require a high 
voltage, such as the avalanche pulse generator described in 
Chapter 6. 


HOW IT WORKS 


As noted in the discussion of the transformer power supply 
in Chapter 2, an electromagnetic field is transferred from one 
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coil to another if one or both coils are moved or if the incoming 
current which creates the field is alternating. Since the DC- 
DC converter operates from a DC source of power, it must 
incorporate a pulsating circuit to permit the transformer to 
step up the 1% volts to 100 volts. This is accomplished by a 
direct-coupled regenerative amplifier operating as an oscilla- 
tor. The circuit, as can be seen in Figure 8-1, is very similar 
to the one used in the light flasher of Chapter 3. 


+1 1/2 VOLTS Ql 
© 


Ql 


Rl 276-2008 


BLACK + 


100-VOLTS OUTPUT 
(PULSED DC) 


; BLACK 
Fig. 8-1. Circuit diagram of a DC-DC converter. 


Operation of the circuit is described in detail in Chapter 3. 
In this application Cl is much smaller and a different power 
transistor, a 276-2006, is used for-Q2. In the converter circuit 
what is normally the secondary coil of a 117-/6.3-volt trans- 
former is used as the primary. When Q2 turns on, the 1% volts 
from the battery is shorted directly through Q2 and the pri- 
mary of T1 (green leads). Since Q2 is on for less than a mil- 
lisecond before C1 turns Q1 and, in turn, Q2, off, the primary 
of T1 is fed a rapid series of DC pulses. 

The low-voltage DC pulses appearing at the primary are 
induced into the secondary and stepped up by the high turns 
ratio. Under a no load (open circuit) condition, about 100 volts 
will appear at the secondary (black leads). 

While the circuit is a DC-DC converter, the output is not 
continuous DC. Instead, it is a series of DC pulses. It’s possible 
to filter the pulses into a steady DC by placing a large capacitor 
across the output of the circuit, but this step is not necessary 
for most applications. Also, adding a capacitor is undesirable 
since it will store a high-voltage charge for a considerable 
time. 


65 


CIRCUIT ASSEMBLY 


The DC-DC converter can be easily assembled on a perfo- 
rated board as shown in Figure 8-2. (An NE-2 has been wired 
to the output for subsequent testing.) Install the battery 
holder by drilling appropriately spaced holes and securing it 
in place with 6-32 hardware to keep it from sliding around on 
the top of the circuit board. 


~ 


~ NEON LAMP 
‘ e) 
O26 
oO 


DC-DC CONVERTER | 


Fig. 8-2. Parts layout of DC-DC converter. 


If the transformer leads are not stripped, remove some 
insulation from the end of each lead with a wire stripper. To 
prevent possible damage to the transformer, be sure to hold 
each lead securely in place with pliers when the wire stripper 
is being used. Pull against the pliers, not the transformer, or 
the leads may be pulled loose. 

The two transistors are installed next—solder the collector 
of Q1 to the base of Q2. The collector connection of Q2 is the 
case, so a solder lug or other connecting terminal will have to 
be connected to the case with a 4-40 nut and bolt. For tem- 
porary or experimental circuits, make the contact with a clip 
lead or secure a short length of hookup wire in place under the 
transistor by inserting it through a hole from the bottom of 
the board and back down through an adjacent hole. Twist the 
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wire together on the bottom side of the hole and secure with 
an application of solder. Insert the power transistor so the bot- 
tom of the case rests on the part of the connection lead exposed 
on the top of the board and secure the transistor in place by 
bending the two leads outward. 

When the transistors are installed, insert Cl and R1 into 
the top of the board and solder their leads to the appropriate 
connection points. Complete assembly by soldering the green 
transformer leads into the circuit and connecting two-inch 
lengths of hookup wire to the battery holder terminals. The 
battery leads are then soldered in place and the unit is ready 
for testing. The completed prototype DC-DC converter, plus 
an NE-2 bulb, is shown in Figure 8-3. 


TESTING AND OPERATION 


As with any transistor circuit, it is important to inspect the 
completed DC-DC converter for possible wiring errors before 
installing the battery. A wiring error may cause damage to 
one or both transistors. 


Fig. 8-3. Assembled DC-DC converter. 
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When the wiring has been checked, connect an NE-2 neon 
lamp to the black transformer leads by simply wrapping each 
lead of the former around the leads of the latter. It isn’t neces- 
sary to solder the leads in place. 

Be sure to observe polarity and install a 1%-volt battery 
in the holder. The neon lamp should immediately light with 
a bright orange glow. If the lamp doesn’t light, recheck the 
wiring and make sure the battery is fresh. 

Since the neon lamp only requires 60 to 90 volts for proper 
operation, the 100 volts delivered by the DC-DC converter may 
cause the lamp to have a shortened life. To alleviate this prob- 
lem, try installing a resistor of from 25,000 to 250,000 ohms 
in series with one of the transformer and lamp connections. 
Select a value which causes the entire terminal inside the lamp 
to be surrounded by a soft, uniform orange glow. A very 
bright glow indicates the supply voltage is too high. 

When the converter is operating, avoid shorting the output 
leads of the transformer together. This may cause the oscil- 
lator to stop and place a continuous short across Q2. Also, 
avoid touching the output leads when the circuit is operating. 
While the current level of the circuit is low, the high voltage 
can give a potent tickle. 


GOING FURTHER 


An ideal application for the DC-DC converter is as a power 
supply for neon lamp circuits. As we have already seen, the 
unit will easily drive a single glow lamp, but it can also drive 
a number of them connected together. 

Normally the resistance of a neon glow lamp is very high 
and raising the applied voltage has no effect on current. Since 
the resistance of the lamp is so high, for most practical pur- 
poses no current flows through it. As the voltage is increased 
beyond a critical threshold point, however, the lamp suddenly 
becomes conductive as its resistance is decreased by a field of 
electrons. When this occurs, the neon gas in the lamp glows 
with its characteristic orange glow. 

If only one of the two terminals inside a neon lamp is sur- 
rounded by a glowing discharge, the source of current is DC 
and the glowing terminal is connected to the negative terminal. 
If both terminals are glowing, the current source is AC. Since 
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the converter described here causes only one terminal to glow, 
we know it is a DC-DC circuit. 

This characteristic of a neon glow lamp can be used to make 
a simple flasher circuit. The circuit for the flasher is shown 
in Figure 8-4. In operation, capacitor Cl charges to a high 
voltage supplied by the DC-DC converter power supply until 
the threshold voltage of the neon lamp is reached. When this 
occurs, the neon gas within the lamp ionizes and provides a 
low-resistance path through which the capacitor can discharge. 
The discharge is accompanied by a flash from the lamp. 

After the capacitor discharges, the lamp turns off and 
resumes its high-resistance state. This permits the capacitor 
to begin charging again, and the cycle continues in what is 
known as a relaxation oscillator mode. 

The flash rate and brightness (amplitude) of the relaxation 
oscillator can be varied over a great range of values by alter- 
ing the values of Rl and Cl. Try using values for R1 ranging 
between 100,000 to 10,000,000 ohms—Cl1 can be anything be- 
between 0.0001 and 1 ywF. For a typical flasher application 
giving about one flash per second, use about 5,000,000 ohms 
for R1 and about 0.22 uF for C1. 

Several individual flasher circuits can be connected to the 
DC-DC converter to give an unusual effect. By using different 
values for R1 and Cl, each circuit will flash at a different 
rate. Circuits such as this are used in novelty gadgets some- 
times called ‘‘idiot boxes” since they do nothing but flash. 

Another application for the DC-DC converter is as a power 
supply for ultraviolet-emitting argon glow lamps. These lamps 
are virtually identical to their neon counterparts except argon 
gas is used instead of neon. Argon glows with a blue-violet 
light which includes invisible ultraviolet. 

If the ambient lighting is subdued, an argon lamp can be 
used to detect minerals, dyes, paints, biological organisms, and 
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other objects which fluoresce in the presence of ultraviolet. 
Day-glow paints and pop-art posters which glow or fluoresce 
under ultraviolet illumination are readily available. Many 
household chemicals, fabrics, and even human teeth will give 
similar results. Most detergents include dyes or other chemi- 
cals which fluoresce bright blue under ultraviolet light. 

Fluorescence is caused when certain atoms absorb photons 
of ultraviolet light and are stimulated to a high energy level. 
When the atom returns to its normal energy level, it emits a 
photon to compensate for the absorbed energy. Frequently the 
emitted photon has a different wavelength than the ultra- 
violet photon the atom originally absorbed. For more about 
ultraviolet light, see books on the subject available at your 
local library. 

Still another application for the DC-DC converter is a power 
supply for the pulse generator circuit described in Chapter 
6. Since the converter doesn’t put out enough voltage to operate 
the pulse generator when a 276-2009 transistor is used, it will 
be necessary to select a transistor which avalanches at a lower 
voltage. Try a variety of transistors until the circuit begins 
to operate. Be sure to turn the DC-DC converter off before 
inserting each transistor. 

If a suitable transistor cannot be found, try using two 1%%- 
volt cells in series to power the converter. This will almost 
double the 100-volt output of the converter and supply plenty 
of operating voltage for the 276-2009. It may be necessary to 
increase R1 in the converter (Figure 8-1) to let it start oscil- 
lating. Try values ranging up to 100,000 ohms. 


Table 8-1. DC-DC Converter Parts List 


a 


Bl Battery, 1% volt (23-466) * 

C1 Capacitor, 0.1 wF (272-1069) * 

Ql Transistor, NPN (276-2008) * 

Q2 Power transistor, PNP (276-2006) * 


R1 Resistor, 3.9K 

Tl Filament transformer 117 V AC/6.3 V AC 
(273-050) * 

Miscellaneous Battery holder, perforated board (276-1392) *, 
wire, solder 


*Radio Shack Catalog Number. 
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CHAPTER 9 


ONE-SECOND TIME-BASE GENERATOR 


A device which emits a beat, flash, or both at precise in- 
tervals of one second can be very useful. Photographers, for 
example, could use such a device in both darkroom work and 
when making lengthy time exposure photographs. A one- 
second time base could also be used by experimenters and hob- 
byists in a variety of applications. 

Besides performing a useful service, this project introduces 
the experimenter to two components not previously used. 
One is the unijunction transistor (UJT) and the other is the 
light-emitting diode, and both devices are extremely useful 
in electronic circuits. The light-emitting diode is a relatively 
new electronic component, and only recently has it become 
available to experimenters. 


HOW IT WORKS 


The one-second time-base generator is the only project in 
this book that uses a unijunction transistor. Since this tran- 
sistor has operating characteristics unlike those of conven- 
tional transistors, an explanation of how it works is in order. 

Conventional bipolar-junction transistors, the type used in 
all the other projects in this book, employ a layer of either N 
or P-type semiconductor sandwiched between two other layers 
—the “other” layers have the same polarity as one another 
but opposite to that of the central layer. Transistors are made 
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in more than a dozen configurations, but this description is 
adequate for our purposes. 

Unijunction transistors (UJTs) are unique in that they con- 
sist of only a single P and N region. Typically, a bar of N-type 
silicon is given a small P-type region at a point about one-third 
the way along the length of the bar. Contacts are made to the 
P-type region and each end of the bar. The P-type contact is 
called the emitter, and the two at each end of the silicon bar 
are called base 1 and base 2, respectively. 

If a UJT is connected in a circuit such as the one shown in 
Figure 9-1, it is, at first, in a non-conducting state; no current 
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Fig. 9-1. Time-base generator circuit diagram. 


flows through the “diode” formed by the emitter-B1 junction. 
As capacitor Cl charges to battery voltage, however, a point 
is reached where the UJT switches on. In this circuit we have 
two components connected between Bl and ground—a light- 
emitting diode and a magnetic speaker. Capacitor Cl dis- 
charges through a UJT and these components in a rapid pulse. 

When C1 is discharged, the emitter-B1 junction will be re- 
verse biased and Cl starts charging. The cycle then repeats 
itself in a relaxation oscillator mode at a rate determined by 
Rl, R2, and Cl. 

Since R2 can be used to vary the circuit repetition rate, it 
can be used as a calibration control to set the pulse rate pre- 
cisely at one beat per second. So long as the battery voltage 
and temperature are relatively constant, the calibration will 
be fairly accurate. 
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A few paragraphs back we noted that the capacitor was dis- 
charged through a speaker and a light-emitting diode (LED). 
When this occurs, the speaker emits a sharp click and the LED 
flashes. The LED is just like any other diode except it is made 
from gallium-arsenide-phosphide, a semiconductor having the 
property of emitting red light when a current passes through 
it. Ordinary silicon and germanium diodes and even transis- 
tors emit very small quantities of infrared when a current 
passes through them, but the output is so inefficient that they 
are not practical light generators. Gallium arsenide phosphide, 
however, has a very high optical efficiency and produces a 
fairly bright red light when even a small current is passed 
through it. 


CIRCUIT ASSEMBLY 


The prototype time-base generator is shown in Figure 9- 
2. Begin assembly by installing the UJT and R3—solder the 
B2 lead of the UJT to the nearest lead of R3. Bend the remain- 
ing lead of R3 outward to hold both components in place. Next, 
install R1 and solder one of its leads to the free lead of R38. This 
connection will become the positive battery connecting point. 


Fig. 9-2. Time-base generator layout. 
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Remove %%-inch insulation from a 2-inch length of hookup 
wire and thread the bare end through one outside terminal and 
the center terminal of the potentiometer. Solder both in place, 
and then solder a second length of hookup wire to the remain- 
ing terminal. Insert the two leads into the perforated board 
and solder one to the free end of R1 and the other to the UJT’s 
emitter. Next, install Cl into the circuit (solder its “‘+” ter- 
minal to the UJT emitter), and prepare the speaker and LED 
for assembly. 

Solder two 38-inch lengths of hookup wire to the speaker 
terminals. Thread these through holes in the mounting board 
to hold the speaker in place. As with other projects which 
employ a speaker, use a few drops of white glue to secure the 
speaker and keep it from moving around. Bend the two leads 
downward and insert them into the board with the red lens 
facing away from the UJT (Figure 9-2). This should result 
in the positive lead of the LED, which is closest to a flat area 
around its rim, being adjacent to lead B1 on the UJT. 

Next, solder the LED leads in place. Complete the assembly 
by soldering the free speaker lead to the free capacitor lead 
and by installing a 9-volt transistor radio battery clip. The 
completed prototype is shown in Figure 9-3. 


Fig. 9-3. Assembled time-base generator. 
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TESTING, OPERATION, AND CALIBRATION 


The LED can be damaged by either a high forward or re- 
verse current, so carefully inspect all wiring to make sure 
there are no errors. Pay particular attention to the UJT’s three 
leads and the LED connections. Remember that the flat on 
the LED’s base denotes the terminal to be connected to the 
UJT’s B1. Make sure the battery leads are properly connected. 
Remember, if the capacitor has one end marked with a positive 
sign, it should be connected to the emitter of the UJT. 

After the wiring has been inspected, connect a battery to 
the circuit. The speaker should immediately begin to issue a 
series of clicks and each should be accompanied by a flash 
from the LED. The LED may glow slightly between clicks. 
Check the calibration control R2 by rotating its shaft. The 
click rate should be adjustable. 

If the circuit fails to operate, disconnect the battery and 
recheck the wiring. Remember to make sure the battery is good 
since some UJTs may require very close to 9 volts for proper 
operation. If there are no wiring errors and the battery is 
good, but the circuit still refuses to operate, the UJT may 
require more than just 9 volts. Try connecting two 9-volt bat- 
teries in series with clip leads and then connect both batteries 
to the circuit. Another possibility is to try a different UJT. 
Since most will operate from just a single 9-volt battery, 
another UJT may work. 

When the circuit is operating properly, it should be cali- 
brated to produce one click and flash at precise one-second 
intervals. The easiest way to accomplish this is to tune a short- 
wave radio to station WWV. Operated by the National Bureau 
of Standards, WWV transmits a continuous series of beats 
spaced precisely one second apart and interrupted only by a 
voice announcing the time once each minute. Station WWV 
transmits on 2.5, 5, 10, 15, 20, 25, 30, and 35 megahertz. Some 
of the frequencies should be receivable on even a very low-cost 
transistorized short-wave receiver. By the way, since WWV 
frequencies are precisely calibrated, they provide an excellent 
marker source for calibrating the frequency dial or indicator 
on short-wave receivers. 

After one of the WWYV signals has been tuned in, all that’s 
necessary to calibrate the time-base generator is to slowly 
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adjust the shaft of R2 until the speaker clicks match WWV’s 
beats. If the two sound sources seem confusing and hinder 
calibration, temporarily bypass the speaker by connecting a 
clip across its terminals and accomplish the calibration by 
matching the flash of the LED with the WWV beats. Either 
the LED or the speaker can be bypassed, but the calibration 
may be slightly affected when the bypass is removed. This is 
because the addition of the resistance of the LED or speaker 
coil slightly slows down Cl’s discharge time. Since the 
speaker’s resistance (up to 16 ohms) is much higher than the 
LED’s (about 0.5 ohms), the former component has a more 
adverse effect. 

If a short-wave radio isn’t available, other time sources can 
be used to calibrate the time-base generator, but they are less 
accurate. One is an ordinary clock with a large dial and a 
sweep second hand. Simply adjust R2 until the speaker emits 
a click each time the second hand passes over a second mark- 
ing. Another technique is to use an oscilloscope with the sweep 
set for one second per horizontal division. Connect the scope 
across the speaker terminals and adjust R2 until the circuit 
emits precisely one pulse per division. 


GOING FURTHER 


If the time-base generator is to be used for a practical ap- 
plication, such as a darkroom timer, install it into a permanent 
housing. As with the other projects in this book, this is easily 
done by purchasing any of a number of metal or plastic cases 
marketed by Radio Shack and mounting the circuit board 
inside. See the GOING FURTHER section of Chapter 4 for 
some tips on mounting the speaker. 

Mount R2 by drilling a %-inch hole in the housing and se- 
curing it in place with its retaining nut. It is a good idea to 
avoid placing a knob on the shaft of R2 since it is a calibration 
control. The shaft can still be easily rotated during calibra- 
tion, and the absence of a knob discourages unwanted adjust- 
ments by curious visitors. 

The LED can be very useful when the one-second time base 
is used as a darkroom timer. Its red light will not affect most 
photographic film if it is kept some distance away, and its 
flash makes for a highly noticeable signal. The LED can be 
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mounted by inserting it through a rubber grommet installed 
in a hole drilled in the case (Figure 9-4). 

Other modifications to the basic prototype will make the time 
base an even more practical device. For example, the power 
supply described in Chapter 2 can be installed in the same 
housing as the time-base generator to eliminate the need for 
changing batteries. The line-operated supply will preserve 
calibration of the unit by supplying a constant operating volt- 
age. Be sure to observe the wiring precautions described in 
Chapter 2 when attempting this modification. 

To improve the sound quality of the speaker, try using dif- 
ferent values of capacitance for Cl. Lower values may produce 
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Fig. 9-4. Mounting detail for LED. 


Table 9-1. UJT Time-Base Generator Parts List 


SE 


Bl Battery, 9 volt (23-464) * 
C1 Capacitor, 50 uF, 15 volts (272-1004) * 
Light-emitting diode (276-026) * 


Ql Unijunction transistor (273-2029) * 
R1 Resistor, 5K 

R2 Potentiometer, 50K (271-1716) * 
R38 Resistor, 100 ohm 

Speaker 8 ohm (40-245) 


Perforated board (276-1392) *, battery clip, wire, 
solder 


Miscellaneous 


*Radio Shack Catalog Number. 
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a more desirable sound, but they may also reduce the bright- 
ness of the LED flashes. Of course, altering Cl changes the 
frequency of the circuit and recalibration will be required. 
Also, very small values of Cl may speed up the pulse rate to the 
point where adjustments of R2 will not bring it back to one 
per second. If this occurs, simply use a larger value for Rl, 
perhaps 10,000 ohms or even more, to slow down the circuit. 
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CHAPTER 10 


SLAVE FLASH 


Ever taken an indoor flash picture which came out too 
dark’? Most people have. An ideal way to solve this problem 
is to use a brighter flash and that’s just what this project 
provides. In addition to providing additional illumination, a 
slave flash can be used to soften sharp shadows and contrasts 
which frequently are seen in flash photographs. 

The slave flash is a remote flash unit completely separate 
from the camera and its own flash. No wires are needed to 
connect the two since the remote unit is triggered automati- 
cally by the burst of light from the camera’s fiash unit. This 
is why remote flash units are called slave flashes. 

The slave flash can be built for less than five dollars in one 
of two versions, both of which will be described here. The 
range of the units is not as great as more sophisticated slave 
flashes, but neither is their cost. 


HOW IT WORKS 


Both slave flash circuits employ a 276-2006 PNP power 
transistor and a readily available AG-1 flashbulb. The first 
circuit, shown in Figure 10-1, employs a low-cost selenium 
solar cell (available from Radio Shack, 276-115). Normally, 
no current flows through the cell and Q1 is off. When a bright 
flash of light strikes the active surface of the cell (the dark 
side), it becomes conductive and Q1 is biased into conduction. 
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Fig. 10-1. Selenium-cell slave flash circuit. 


When Q1 turns on, the AG-1 flashbulb is then connected to the 
second battery (B2) through the collector-emitter junction of 
Q1. The bulb is activated and it flashes. Since the time delay 
from detection of the triggering flash and activation of the 
slave flash is so small, both flashes appear to be simulta- 
neous. Actually there is a delay of perhaps 20 milliseconds due 
to the relatively “slow” rise time of a flashbulb, but this is 
hardly enough time to affect the picture unless the subject 
is moving very rapidly. 

The second circuit, shown in Figure 10-2, operates in a 
similar manner to the first. The major difference is that the 
detector is a more expensive silicon solar cell. Silicon cells are 
far more sensitive than selenium types, so the second circuit 
has a greater triggering range. Also, the silicon cell eliminates 
the need for a second battery. 


CIRCUIT ASSEMBLY 


Construction of either slave-flash circuit is straightforward 
since so few components are required. Figure 10-3 is a layout 
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Fig. 10-2. Silicon-cell slave flash circuit. 
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of the silicon solar-cell version (Figure 10-2); the selenium 
unit can employ a virtually identical format. 

Begin construction by installing the power transistor, Q1. 
Mount Q1 so that it will remain firmly in place and permit con- 
tact to its case (the collector terminal). This is described in 
Chapter 8. When Q!1 is installed, connect the battery clip to 
the circuit by inserting its wire leads through two holes in the 
board and soldering them to the appropriate connection points 
in the circuit. 


ravecece, 
FE 
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Fig. 10-3. Silicon-cell slave flash layout. 


The silicon solar cell (.2 to .4 V @ 1.5 to 2.5 mA) comes with 
two connection leads and possibly a self-adhesive backing. In- 
stall the cell by threading the leads through two holes in the 
board and soldering them to the base and emitter pins of Q1. 
Black goes to the base and red to the emitter. If the cell has a 
self-adhesive backing on its plastic case, remove the protective 
covering and press the cell in place on the board. If it doesn’t, 
use a single small drop of white glue to hold the cell in place on 
the board. 

Complete assembly of the circuit by soldering clip leads to 
the collector and negative battery connections. These leads 


81 


should extend to the front side of the board and permit a flash- 
bulb to be installed. 


TESTING AND OPERATION 


Before connecting a battery to the circuit, make sure there 
are no wiring errors and that a flashbulb has been installed. 
The lighting need not be dimmed, but don’t install a battery 
if the light-detector cell is exposed to bright, direct light from 
an incandescent lamp or the sun. This prevents the flashbulb 
from being accidentally triggered. 

When the battery is installed (the completed unit is illus- 
trated in Figure 10-4), point a camera or flash unit loaded 
with a new flashbulb (but not necessarily film) at the slave 
flash from a distance of about three feet. When the flash is 
triggered, the slave flash should be immediately activated. 
If it does not, check the battery to make sure it is good. 

When triggered by an AG-1 bulb, the slave flash has a 
usable range of about 3% feet from the flash source. This 
range can be considerably increased by triggering the remote 
unit with a larger flashbulb and using a higher-voltage power 
supply to activate it. Try up to three 9-volt batteries in series. 


Se 


Fig. 10-4. Assembled silicon-cell slave flash. 


82 


The selenium cell version of the slave flash has less firing 
range than the silicon cell unit. With the parts values shown, 
an AG-1 flashbulb will trigger it at about a maximum range 
of two feet. As with the silicon cell version, this range can be 
improved by increasing the battery voltage and using a 
brighter flashbulb to trigger the slave unit. 

When testing either flash unit avoid touching or looking 
at the flashbulb when it is about to be triggered. The flash 
from even an AG-1 bulb is very bright and the bulb becomes 
quite hot. Also, don’t operate the slave flash (or any other 
flashbulb for that matter) near a subject’s face since flash- 
bulbs have been known to explode when flashed. Most modern 
flashbulbs are coated with a thin layer of plastic to prevent 
shattering should an explosion occur, but this protection is not 
always sufficient. Flashbulb manufacturers frequently recom- 
mend use of a clear plastic shield over flashbulbs. 

A variety of arrangements can be employed when using 
either slave flash with a camera. For most practical applica- 
tions the slave flash should be placed several feet from the 
camera with the flashbulb pointing toward the subject and 
the selenium or silicon cell pointing toward the camera and 
its main flash unit. Be sure the slave flash doesn’t get in the 
camera’s field of view. More than one slave unit can be em- 
ployed to more uniformly light up the subject. 

Before taking another picture, remember to place a new 
bulb in the slave flash. The old one may still be hot, so remove 
it by releasing the clip leads. 

The slave flash works best with conventional flashbulbs. 
Some electronic flash units will trigger it, but most have a 
flash too brief to permit the slave flashbulb to be fired. 


GOING FURTHER 


While the slave flash project can be operated ‘as is” in 
many applications, housing the unit in a small metal or plastic 
container greatly improves its appearance and enhances its 
usefulness. Almost any housing will do as long as the light- 
sensitive cell and the flashbulb can be exposed to the outside 
world. 

If a housing is used, try attaching a small, rubber suction 
cup to its base. These useful devices are available at many 
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department and hardware stores and permit the flash unit 
to be conveniently mounted in unusual positions. 

The performance of a slave flash can be improved by adding 
a reflector. The reflector can be as simple as a square of 
aluminum foil glued shiny side out to the housing or even a 
small square of foil glued directly over the back half of each 
flashbulb. Better results can be had by modifying a discarded 
flash gun to accept connections from the slave flash. The 
slave unit will fire several types of bulbs so long as the battery 
voltage is high enough, so do not be concerned if an AG-1 re- 
flector cannot be located. 

Finally, the ambitious reader may wish to experiment with 
still other slave flash circuits for either greater simplicity or 
improved sensitivity. Sensitivity can be increased by adding 
another stage of amplification, and a more simple circuit re- 
sults from the use of a light-activated silicon controlled recti- 
fier (LASCR) such as the Radio Shack 276-1081. 


LASCR 


os 


Ca 
ipa FLASH CONTACTS 


Fig. 10-5. LASCR slave flash circuit. 
A circuit diagram for a LASCR slave flash using only two 


electronic components is shown is Figure 10-5. Sensitivity can 
be adjusted by varying Rl. The same circuit can be used to 


Table 10-1. Silicon Slave-Flash Parts List 


Te [ie 


Bl Battery, 9 volt (23-464) * 

Q1 Power transistor, PNP (276-2006) * 

Silicon solar cell See text 

Flashbulb AG-1 

Miscellaneous Perforated board (276-1392) *, battery clip, wire, 


solder 


*Radio Shack Catalog Number. 
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trigger a commercial flashbulb system or electronic flash by 
simply eliminating the flash and battery and connecting the 
anode and cathode of the LASCR to the flash switching ter- 
minals. When the LASCR is activated by a pulse of light, it 
turns on and presents a closed circuit to the flash unit. 
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CHAPTER 11 


ELECTRONIC THERMOMETER 


Very early in the history of electronics it was discovered 
that copper wire changes its electrical resistance with temper- 
ature. The resistance of copper increases as temperature rises 
and decreases as temperature falls. Other electrical conductors 
are affected in a similar manner. 

More recently, it was discovered that many semiconductors 
exhibit a resistance which also varies with temperature. It was 
found that the resistance of some semiconductors decreased 
as temperature rose and increased as temperature fell. Also, 
some semiconductors exhibited far greater resistance changes 
than copper wire and other conductors. 

This project exploits the temperature sensitivity of a therm- 
istor, a temperature-sensitive semiconductor, to make a prac- 
tical electronic thermometer. The circuit can be used to 
measure a range of temperatures and it is relatively inex- 
pensive to duplicate. 


HOW IT WORKS 


The electronic thermometer is dependent on a thermistor, 
a Wheatstone bridge, a transistor amplifier, and a meter for 
its operation. A very simple thermometer could be made by 
simply connecting a thermistor in series with a battery and 
connecting both to a meter, but it would lack the sensitivity of 
the bridge and amplifier circuit. 
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As shown in Figure 11-1, a bridge circuit consists of six 
separate branches. Four branches, the arms, are connected 
in series with one another to form a diamond; the remaining 
two are connected across the diagonals. The most common DC 
bridge circuits employ resistors, but both DC and AC bridges 
can employ other components. A bridge made with diodes, for 
example, can be used to rectify an alternating current. 


Fig. 11-1. Wheatstone bridge circuit. (\) METER 


In the case of a DC bridge composed of resistors such as the 
one shown in Figure 11-1, the bridge is balanced when the sum 
of R1 and R2 equals the sum of R3 and R4. In this situation 
of equilibrium, an equal amount of current flows through both 
sides of the bridge and the meter shows a “null,” (i.e., no net 
current difference between either side of the bridge). If one 
resistor should become altered in value, the bridge will become 
unbalanced and one side will conduct more current than the 
other. This will cause the meter-to indicate a current flow. 

By substituting a thermistor for one of the four resistors 
in a bridge, a temperature-indicating device can be assembled. 
When the thermistor changes its resistance in response to 
temperature variations, the meter responds accordingly. The 
bridge can be calibrated by incorporating a potentiometer into 
one of the four arms. 

While a basic bridge alone can be used for temperature 
measurements, better sensitivity can be obtained by incorpora- 
ting a single-stage of transistor amplification before the meter. 
In this way very small current changes, hence temperature 
fluctuations, can be amplified and displayed by the meter. 

Figure 11-2 shows a practical temperature-measuring 
bridge circuit which incorporates a single-stage transistor 
amplifier. Two separate 9-volt transistor radio batteries are 
used in the circuit, one to provide bias for the bridge and the 
other operating current for the transistor amplifier. To provide 
optimum operating flexibility, the circuit incorporates both 
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THERMISTOR (SEE TEXT) 


Ql 


276-2023 
REMOTE CABLE 


(SEE TEXT) 


CALIBRATION 8 
CONTROL 


B2 

i 
9 VOLTS 

Fig. 11-2. Electronic thermometer circuit diagram. 


a calibration and sensitivity control. The calibration control 
(R3) forms one arm of the bridge and permits the bridge 
balance to be adjusted for a variety of thermistors and therm- 
istor resistances. The sensitivity control (R5) is in series with 
the output meter and permits the sensitivity of the thermom- 
eter to be altered. This permits a variety of meters to be used 
in the circuit and eases the calibration procedure. 


———— 
CALIBRATE te SENSITIVITY | 


O 0.:O 
O ; 
O | ELECTRONIC THERMOMETER = O 
L ee GLOIGRO OLO' 


Fig. 11-3. Electronic thermometer parts layout. 
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CIRCUIT ASSEMBLY 


Fig. 11-3 shows the parts layout of the prototype electronic 
thermometer. Begin assembly by enlarging two perforations 
in the board so they will accept the meter mounting screws. 
Check to make sure the meter will fit the hole spacing, but do 
not install the meter at this point. 

Next, install the three fixed resistors (R1, R2, and R4) and 
solder them to one another as shown in Figure 11-3. Then in- 
stall Q1 and solder the remaining lead from R4 to its emitter 
lead. Temporarily hold all the components in place by bending 
the unused leads slightly outward on the back side of the 
board. 

Prepare potentiometers R3 and R5d by soldering 3-inch 
lengths of hookup wire to the central and one outer terminal 
of each control. Install the controls by running the leads 
through perforations in the board and soldering to the points 
indicated in Figure 11-3. For a more permanent installa- 
tion, install both potentiometers in %%-inch holes bored in the 
mounting board and secure them in place with their mount- 
ing hardware. 

Next, install a 9-volt transistor radio battery clip for the 
amplifier power supply. A clip can also be installed for the 
bridge, but in the prototype the bridge was powered by the 
power supply described in Chapter 2 to insure preservation 
of the calibration. 

The meter is attached to the mounting board by its two 
mounting screws. Don’t depend on connecting wires alone to 
hold the meter in place since they may become broken. The 
meter is the most expensive component in the circuit so pro- 
tect it with care by installing it properly. 

Complete assembly of the thermometer by installing the 
thermistor. The prototype thermometer used a glass encased 
thermistor with a room temperature resistance of 1800 ohms. 
This type of thermistor consists of a tiny semiconductor bead 
connected to two leads and mounted in a glass probe. The 
thermistor used in the prototype can be seen in the photograph 
in Figure 11-4. The thermistor is the rod-shaped object di- 
rectly to the left of the calibration control. 

Many different kinds of thermistors, including both com- 
mercial and surplus varieties, will operate in the circuit since 
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the bridge can be compensated for different resistance units 
by merely adjusting the calibration control. Some thermistors 
have a larger dynamic range than others. That is, they change 
their resistance more for a given temperature change than 
other units, so it may be desirable to experiment with several 
to determine which works best in a particular application. 

Whatever thermistor is selected, it may be desirable to con- 
nect it to the circuit with a remote cable instead of mounting 
it directly to the circuit board as in the prototype. The cable 
can be a commercial two-conductor product or simply two sep- 
arate wires twisted together. Since most thermistors are rela- 
tively fragile, use care when connecting the sensor to the cable. 
One technique is to solder the thermistor to the cable wires 
and bend the cable back on itself for about an inch. Tape the 
folded section in place with some black electrical tape covering 
all but the sensitive portion of the thermistor. This will pro- 
vide good protection for the thermistor and insure adequate 
exposure to the ambient temperature. Whatever mounting 
technique is employed, leave the thermistor well exposed so 
that it can be calibrated. After calibration is complete, the 
thermistor can be secured in place. 


ALIBRATE 


Fig. 11-4. Assembled electronic thermometer. 
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TESTING AND OPERATION 


When the completed electronic thermometer has _ been 


- checked for possible wiring errors, connect the batteries or 


a power source and check its operation. First, adjust the cali- 
bration and sensitivity controls as necessary to bring the meter 
needle to a central part of the dial. Then, grasp the thermistor 
between two fingers to warm it slightly while watching the 
needle. If the circuit is working properly, the needle should 
begin to move to the right. If it does not respond, recheck all 
wiring connections, and if it moves to the left simply reverse 
the meter connections. 

When the circuit is working properly, it should be cali- 
brated. For a room temperature range of calibration you will 
need some ice, a container of water, and an accurate mercury 
thermometer. Calibration will be simplified if the thermistor 
is housed in a glass probe which can be immersed. 

During the calibration precedure, it will be necessary to ad- 
just both the calibration and sensitivity controls to keep the 
meter needle within the dial markings for the temperature 
extremes to be measured. This is done by exposing the therm- 
istor to the warmest and coolest temperatures expected to be 
measured by placing it in hot water and the freezer compart- 
ment of a freezer. During these temperature exposures, the 
controls should be adjusted to keep the needle within its range. 
Ideally, the needle should point to the extreme right of the dial 
for the cold temperature. When these preliminary adjustments 
have been completed, calibration can begin. But remember, 
never change the calibration or sensitivity adjustments once 
the calibration is complete. To keep curious visitors from 
changing the adjustments, do not install knobs on the control 
shafts. 

Begin calibration by warming the water in the container 
(or by filling it with warm tap water) and measuring its tem- 
perature. Try for a temperature near 100° Fahrenheit. Keep 
the thermometer in the water and then immerse the therm- 
istor part way into the water. Don’t permit the thermistor con- 
nections to be immersed since the conductivity of the water 
will affect the calibration. Leave the thermistor in place for 
ten seconds or until the meter needle stops moving upward. 
Then read the thermometer again and record both readings 
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on a sheet of paper. The temperature near the top of the water 
container may be different from that at the bottom. There- 
fore, be sure to place the thermometer bulb near the thermistor 
to insure accuracy. 

Repeat the procedure given above with water at or near 
room temperature and record the results. Then fill the con- 
tainer with cold water and crushed ice and make a third set 
of measurements. When all three readings are complete, you 
should have a list of data which resembles that shown in Table 
11-1. This data can then be used to make a calibration graph 
such as the one shown in Figure 11-5. 

The temperature can be read from the meter by using the 
calibration graph. A more convenient method, however, is to 
make a calibrated temperature scale to be placed over the 
existing current scale. This can be done by making a paper 
scale which is appropriately marked with temperature in 
various increments (for example, 10° divisions). The scale 
should be attached directly to the plastic meter face over the 


Table 11-1. Sample Calibration Data 


Thermometer Reading (°F) Meter Current (yA) 


a 


CURRENT (uA) 


0 10°. 20° 30 * 40° 50). 600> 7D. 80.90 | 10D 1a ie 


TEMPERATURE (°F) 
Fig. 11-5. Example of a thermometer calibration graph. 
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existing scale with a light application of white glue. The new 
scale must be positioned properly or the calibration will be off. 


GOING FURTHER 


The electronic thermometer is such a practical circuit that 
those who assemble it will want to strongly consider installing 
it in a permanent housing. This is easily accomplished by using 
readily available metal or plastic cases. It may be desirable 
to use a plug and jack for the thermistor cable to permit sub- 
stituting different probes and for convenience. Also, the cali- 
bration and sensitivity controls will be less susceptible to ac- 
cidental readjustment if they are mounted with their shafts 
facing out the rear portion of the case. 

It may be desired to use the thermometer over very small 
temperature ranges. For example, the temperature of a normal 
house or office usually varies only a few degrees. This can be 
easily accomplished by adjusting the controls to give a full- 
scale meter deflection for a few degrees of temperature 
change. An accurate thermometer, however, should be used 
when calibrating the unit in this case. 

Finally, the basic thermometer bridge circuit and amplifier 
is compatible with many variable resistance sensors. For ex- 
ample, a photoresistive sensor made-with cadmium sulfide can 
be connected in place of the thermistor with no circuit changes. 
This will permit the unit to be used as a light-detection system 
with very high sensitivity. 


Table 11-2. Electronic Thermometer Parts List 


ee 


Battery, 9 volt (see text) 
0-50 microammeter (22-017) * 
Transistor, PNP (276-2023) * 
Resistor, 2K 


M1 
Ql 


R38 Potentiometer, 5K (271-1714) * 
R4 Resistor, 1.8K 

R5 Potentiometer, 50K (271-1716) * 
Thermistor (See text) 


Perforated board (276-1392) *, wire, solder, 
battery clip(s) 


Miscellaneous 


*Radio Shack Catalog Number. 
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INDEX 


A 


Adjustable siren, 62 

Advanced pulse-generator circuit, 
56-57 

Alkaline cells, 16, 18 

Avalanche transistor pulse-genera- 
tor, 49-57 


C 


Cadmium sulfide, 93 
Capacitor, pulse-generator circuit, 
50 

Capacitors, 11 
Carbon film resistor, 10 
Carbon-zine cells, 16, 18 
Cathode-ray tube, 9 
Cells, 16 
Circuit 

boards, 13-14 

diagrams, reading, 9-10 
CK-722 transistor, 40 
Compass, 18 
Component selection, 10-12 
Converter, 64 


D 
DC-DC converter, 64-70 
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Dielectric, 11 
Diodes, 11 
Drill, 8 


Electrical shock, 18 
Electromagnetic field, 18 
Electronic siren, 58-63 


F 
Feedback, 44 
FEE 82°12 
Filtering, 20 

H 


Hearing aid, 47 
High-impedance meters, 8 


! 
Inverter, 64 


LASCR, 84-85 

LED, 71-78 

Light flasher, high-brilliance, 27-32 
Line-operated power supply, 17-26 


M 


Mercury cells, 16, 18 
Metronome, 33-39 
dial, 37 
Microphone sound collector, 45-46 * 


N 


Neon lamp relaxation oscillator, 
169 


P 


Packaging, 15-16 
P-Box, 15 
Pencil soldering iron, 14 
Phono cartridge, 47 
Pocketknife, 8 
Power-supply 
circuit diagram, 19 
selection, 16 
Pulse-generator output, 52 


R 


Raytheon, 40 

Resistor color code, 13 

Resistors, 10 

Rectified AC voltage waveforms, 20 
Rms, 24 


Ss 


Safety, power-supply, 25 
Schematic symbols, 9 
Selenium cell, 79-81 
Shotgun microphone, 46 
Silicon cell, 81-83 


Slave-flash, LASCR, 84 
Soldering, 14-15 

Speaker mounting, 38 
Stethoscope, electronic, 47 


+ 


Thermal runaway, 12 
Thermistor, 86-87, 90 
Thermometer, electronic, 86-93 
Time-base generator, 71-78 
Tools and test equipment, 7-10 
Transformer operation, 18 
Transistors, 12 


U 
UL, 22 

Vv 
Valve, 40 
VOM, 8 
VTVM, 8 

Ww 


Wavelength, sound, 46 


Wheatstone bridge circuit, 86-87 


Wire 
cutters, 8 
strippers, 8 
Wirewound resistor, 10 
Wrenches, 8 


Z 


“7,” brackets, 38 
Zener diode, 11 
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RADIO SHACK PUBLICATIONS 


TUBE SUBSTITUTION HANDBOOK 


An up-to-date DIRECT tube substitution guide. Includes 
more than 12,000 substitutions for all types of receiving 
tubes and picture tubes. Instructions accompanying each 
section guide the reader in making proper tube substitu- 
tions and explain how to cross-reference between sec- 
tions for other substitutes. 


- 62-2030 $1.75 


TRANSISTOR SUBSTITUTION HANDBOOK 


This updated guide lists over 100,000 substitutions. Tells 
how and when to use substitute transistors. Also in- 
cludes manufacturers recommendations for replacement 
transistor lines. Computer-compiled for accuracy. 


62-2031 $2.25 


SHORT-WAVE LISTENER’S GUIDE 


A practical guide to international short-wave stations. 
Lists short-wave stations by country, city, call letters, 
frequency, power, and transmission time. Also indicates 
several of the Voice of America and Radio Free Europe 
stations. Includes a handy log where you can record 
stations received. 


62-2032 $1.95 


TV TUBE SYMPTOMS & TROUBLES 


A picture book of typical tv troubles caused by defective 
tubes. Explains the function of each stage of a tv set 
through key block-diagram discussions. Contains photos 
of actual tv picture troubles, accompanied by explanations 
to help identify which tubes are at fault. 


62-2033 $1.95 


CB HAM SWL LOG BOOK 


Helps CB’ers and SWlL’ers keep accurate records of sta- 
tions heard. Has tables for recording frequency, call 
letters, day, time, more. 80 pages. 


62-2034 $1.00 


REALISTIC GUIDE TO ELECTRONIC KIT BUILDING 


Discusses reasons for building a kit. Covers tools needed 
for kit building. Explains how to solder and shows good 
and poor solder joints. Explains the functions of com- 
ponents. The construction of four projects—a metal lo- 
cator, electronic organ, power supply, and an electronic 
meter—is described in detail. 


62-2038 $ .95 


REALISTIC GUIDE TO VOM’S AND VTVM‘S 


A text on the operations and applications of meters. 
Meter fundamentals and basic operation are covered. 
The various uses of the meter for testing components, 
and radio, tv, stereo, amateur, and CB radio test tech- 


niques and troubleshooting are all included. Finally, 
calibration and maintenance procedures are detailed. 
62-2039 $ .95 


ELECTRONICS DATA BOOK 


A book useful for technicians, students, experimenters, 
and hobbyists. Contains basic formulas and laws used in 
electronics, constants and standards, symbols and codes, 
design data, mathematical tables, resistor and capacitor 
codes, and many more useful items. 


62-2040 $1.25 


INTRODUCTION TO TRANSISTORS 
AND TRANSISTOR PROJECTS 


Basic information on semiconductors. Explains transistor 
makeup and transistor action. The types of transistors are 
discussed—bipolar junction, unijunction, FET, power tran- 
sistors, etc. Transistor usage is also explained. The book 
is completed by presenting actual transistor projects to 
be constructed. 


62-2041 $ .95 


INTRODUCTION TO INTEGRATED CIRCUITS 
AND IC PROJECTS 


Contains all basic coverage on integrated circuits. De- 
scribes what an integrated circuit is, types of circuits, 
and the functions of integrated circuits. After learning 
all these things, you get to put them to use by con- 
structing the interesting and useful integrated-circuit 
projects which are included in the book. 


62-2042 $ .95 


REALISTIC GUIDE TO HI-FI AND STEREO 


Explains the meaning of high fidelity and stereo. Dis- 
cusses high-fidelity amplifiers, speaker systems, stereo 
tuners and receivers, antennas used for stereo reception, 
record players, tape recorders. Also discusses component 
versus packaged systems. Automobile stereo systems are 
also included. 


62-2043 $ .95 


REALISTIC GUIDE TO CB RADIO 


The first chapter contains an introduction to CB radio, 
covering the advent of CB and its uses. Other coverage 
includes obtaining a license, different types of CB radio 
equipment, equipment installation, antenna systems, sta- 
tion operation, and servicing. An appendix lists the 
locations of the FCC Field Offices. 


62-2044 $ .95 
INTRODUCTION TO ELECTRONICS 


Covers basic electron theory. Discusses magnetism, elec- 
tricity, and radio principles. Explains the structure and 
uses of resistors, capacitors, inductors, transformers, 
vacuum tubes, and transistors. The book concludes with 
several electronic experiments and construction projects. 


62-2045 $ .95 
REALISTIC GUIDE TO TAPE RECORDERS 


Explains the various uses for a tape recorder. Describes 
the functions of the essential parts of a recorder. Covers 
the advantages and disadvantages of the three types of 
recorders—reel-to-reel, cartridge, and cassette. Guides you 
in purchasing a recorder according to its specific use. 
Covers general maintenance of recorders, tape, and 
accessories. 


62-2046 $ .95 
ELECTRONICS DICTIONARY 


Whether you are a beginner in the electronics field, a 
student, or experimenter, you will find this book to be 
a helpful reference. The definitions are written in an easy- 
to-understand style. Different terms for the same word 
are cross-referenced. Many illustrations supplement the 
text for further clarification. 


62-2047 $1.25 


ELECTRONIC COMPONENTS ENCYCLOPEDIA 


A listing in alphabetical order of the basic electronic 
components being used today. The text is supplemented 
with illustrations where needed for clarification. Where 
components can be referred to by several different names, 
cross-references have been included. The book is _par- 
ticularly helpful to newcomers to the field of electronics. 


62-2048 $1.25 


REALISTIC GUIDE TO SCHEMATIC DIAGRAMS 


An easy-reading text explaining different electronic com- 
ponents and how they are used in a circuit. Explains 
the fundamental concepts of tubes, semiconductors, resis- 
tors, capacitors, coils, and transformers and their cor- 
responding schematic representations. The final chapter 
covers circuit tracing with the use of a schematic. 


62-2049 $ .95 
REALISTIC GUIDE TO OSCILLOSCOPES 


Begins with the invention and development of the 
cathode-ray tube. Oscilloscope fundamentals are next and 
are followed by the basic ways to use the oscilloscope. 
Electronic servicing applications are thoroughly covered. 
Intermediate and lab-type scopes are also given coverage. 
Finally oscilloscope probes and auxiliary devices are 
discussed. 


62-2050 $ 95 
INTRODUCTION TO ANTENNAS 


Begins with a basic discussion of radio waves, fre- 
quency, and wavelength. Describes the purpose of an- 
tennas as related to radio waves. Covers different types 
of antennas for television and fm reception. Advises how 
to choose an antenna for a specific purpose and different 
locations. Covers installation of antennas and accessories. 
Also covers CB antennas for both mobile and fixed in- 
stallations. 


62-2051 $ .95 
INTRODUCTION TO SHORT-WAVE LISTENING 


Contains much information on how to enjoy listening to 
short-wave broadcasts. It explains what short waves are, 
how they work, and how to receive them. Coverage is 
given to various receivers best suited for SWL. The type 
of reception received on each particular band is also 
given. The functions of the various controls on the re- 
ceiver are explained, and information on how to use 
them properly is supplied. 


62-2052 $ .95 
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